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Somatostatin receptor 1 and/or 4 selective agonists and an- 
tagonists 

Field of the Invention 

The present invention relates to (hetero)arylsulfonylamino based 
5 peptidomimetics, which are useful for treating or diagnosing medical disorders 
related to somatostatin receptor subtypes 1 and/or 4. 

Background of the Invention 

Somatostatin is a cyclic peptide found endogenously in two major 
forms made up of 14 (sst-14) or 28 (sst-28) amino acids. The shorter sst-14 is 

10 identical in sequence to the C-terminal half of sst-28. Somatostatin is produced 
widely in the body and acts both systemically and locally to inhibit the secretion 
of various hormones, growth factors and neurotransmitters. The biological ef- 
fects of somatostatin are mediated by a family of G protein-coupled receptors, 
of which five subtypes (SSTR1-5) have been cloned in humans (Reisine and 

15 Bell 1995; Patel 1999). The affinities of the two endogenous forms of soma- 
tostatin on the five subtypes are relatively similar (sst-28 has been reported to 
have a moderate preference for the SSTR5). However, the five subtypes are 
differentially expressed in different tissues and do also show some differences 
in their interaction with a number of signalling pathways. Thus, the pleiotropic 

20 physiological responses mediated by somatostatin are a reflection of its wide- 
spread distribution and the existence of multiple receptor subtypes. 

Based on their sequence similarity and their affinity towards a num- 
ber of octapeptide and hexapeptide analogs to somatostatin, the family of five 
somatostatin receptor subtypes can be divided into two subfamilies: one sub- 

25 family made up of SSTR2, SSTR3 and SSTR5 and another subfamily made up 
of SSTR1 and SSTR4. The former possesses high and the latter rather low af- 
finity towards the aforementioned hexapeptide and octapeptide analogs (Hoyer 
et al. 1995). Due to the availability of high affinity and selective ligands, the 
physiology of the SSTR2.3.5 subfamily has been more thoroughly character- 

30 ized and it appears that the 'classical' effects of somatostatin, such as very po- 
tent inhibition of growth hormone, insulin, glucagon and gastric acid release, 
are mediated either primarily or exclusively via members of this subfamily. 

Even though the physiology and pathophysiology of the subtypes 
SSTR1 and SSTR4 are less well understood, there have been a number of 

35 findings about the role of these subtypes described in scientific publications 
and the patenting literature. US6.1 24,256 reported that, given their localisation 
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in the vascular wall and their time-related induction during the proliferative 
stage, SSTR1 and/or SSTR4 may be the optimal subtypes to prevent fibropro- 
liferative vasculopathy via a somatostatin receptor based therapy. In agree- 
ment with this, Curtis et al. (2000) have described SSTR1 and SSTR4 to rep- 
5 resent the predominant subtypes expressed in human blood vessels and have 
proposed the use of SSTR1- or SSTR4-selective agonists for the treatment of 
endothelial cell-mediated proliferative diseases. Aavik et al. (2002) have dem- 
onstrated that a purportedly SSTR1- and SSTR4-selective peptide analogue of 
somatostatin (CH-275) is able to prevent intimal hyperplasia after rat carotid 

10 denudation injury. Taken together, these findings may explain why two peptide 
analogues of somatostatin, octreotide and lanreotide, which possess very high 
preferences for the subtypes SSTR2 and SSTR5 but have rather low affinities 
for the subtypes SSTR1 or SSTR4, failed to show efficacy in clinical trials aim- 
ing at the prevention of restenosis after percutaneous transluminal angioplasty 

15 (Eriksen et al. 1995; van Essen et al. 1995). 

Due to the fact that SSTR1 activation causes antiproliferative ef- 
fects, SSTR1 -selective agonist may be useful for the treatment of SSTR1 bear- 
ing tumors. For example, it has been described that SSTR1 receptors are ex- 
pressed in prostate cancer (Sinisi et al. 1997; Reubi et al. 1997; Reubi et al. 

20 2001) but not in normal prostate tissue. Independent of its functional properties 
as an agonists or an antagonist, any SSTR1 selective ligand may be useful for 
the diagnosis of prostate tumors or tumors in other tissues expressing the 
SSTR1 subtype. 

WO97/03054 and US6,221 ,870 describe benzo[g]quinoline-derived 
25 (WO097/03054) or ergoline-derived (US6,221 ,870) SSTR1 -selective antago- 
nist as lowering aggressive behavior in mice and, based on this observation, 
suggest such compounds to be useful for the treatment of depression, anxiety, 
affective disorders and attention deficit and hyperactivity disorders. 

According to Bito et al. (1994) the SSTR4 subtype is expressed at 
30 high levels in the rat hippocampus where somatostatin has been reported to 
play a significant role in the regulation of membrane conductance. Since the 
hippocampus is a brain structure closely linked to learning and memory, as 
well as mental disorders such as depression and schizophrenia, the prominent 
role of the SSTR4 subtype in the hippocampus suggests that SSTR4 selective 
35 agonists or antagonists with the ability to pass the blood-brain-barrier may 
have therapeutic potential. 
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Employing in situ hybridisation, Mori et al. (1997) have shown that in 
the rat eye SSTR4 expression predominates in the posterior iris epithelium and 
ciliary body. In addition, the authors have observed that somatostatin lowers 
intraocular pressure (iop) and, based on these observations, they have sug- 
5 gested that SSTR4-selective ligands may be useful as anti-glaucoma agents. 

Somatostatin has a very short biological half-life and is therefore 
unsuitable for therapeutic use. A number of shorter hexa- and octapeptide ana- 
logs of somatostatin with improved biological stability have been identified (e.g. 
patents US4,485,101, US5,409,894 or W097/47317). However, these abbre- 

10 viated peptide analogs are heavily biased in favour of the SSTR2,3,5 subfamily 
and do not show any significant interaction with the subtypes SSTR1 or 
SSTR4. In contrast, W097/14715 and Rivier et al. (2001) describe a group of 
SSTR1 preferring undecapeptide agonists. However, besides their often rather 
short biological half-lifes peptides also possess other problematic properties, 

15 which make them unsatisfactory as medicines. For example, peptides have a 
very limited ability to penetrate membranes. This is one of the reasons, why it 
is in most cases impossible to apply peptides via an oral route and why pep- 
tides generally do not reach the central nervous system. 

In recent years, a number of nonpeptide somatostatin agonists have 

20 been identified. Besides the already mentioned SSTR1 -selective antagonists 
reported in WO97/03054 and US6,221,870, W097/43278 describes a number 
of thiourea-based compounds that preferentially interact with the somatostatin 
SSTR4 and the histamin H 3 subtype. US6,329,389 and US6,352,982 provide 
SSTR4-selective compounds centred around tetrahydroquinoline or 4,1- 

25 benzoxazepine scaffolds. Rohrer et al. (1998) have been able to identify sub- 
type-selective agonists for each of the five somatostatin receptor subtypes by 
employing a combinatorial chemistry strategy which incorporated the generally 
accepted hypothesis on the structure-activity-relationship of somatostatin re- 
ceptor active compounds that the amino acid residues 8 and 9 in sst-14 (which 

30 consist of a tryptophan and a lysine) are essential for proper ligand-receptor 
interaction. 

The current invention describes a new class of somatostatin recep- 
tor ligands in the form of sulfonamido-peptidomimetics. These compounds are 
in part related to sulfonamido-peptidomimetics, which have been presented in 
35 Brussaard et al. (1989), WO02/24192 and WO03/026575 in the context of an- 
other G-protein coupled receptor family, namely neuropeptide FF receptor. 
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Sulfonamide derivatives of monocyclic or bicyclic amino acids have also been 
described in US6,271 ,252 and US6,221 ,888 as cell adhesion molecule (CAM) 
antagonists which inhibit leukocyte adhesion and leukocyte adhesion-mediated 
pathologies. 

5 Summary of the Invention 

The present invention relates to non-peptide compounds possess- 
ing a high degree of selectivity towards the two receptor subtypes in the 
SSTR1/SSTR4 somatostatin receptor subfamily. It will be appreciated by those 
skilled in the art that, based on their agonism or antagonism at SSTR1 or 
10 SSTR4 receptor, a wide variety of therapeutic, prophylactic and diagnostic ap- 
plications may be prepared from the compounds of this invention: 

1. Compounds of the invention are useful for the prevention or 
treatment of diseases or symptoms of anxiety, depression, schizophrenia, epi- 
lepsy, attention deficit and hyperactive disorders and neurodegenerative dis- 

15 eases such as dementia, Alzheimer's disease and Parkinson's disease. The 
treatment of affective disorders includes bipolar disorders, e.g. manic- 
depressive psychoses, extreme psychotic states e.g. mania and excessive 
mood swings for which a behavioural stabilization is being sought. The treat- 
ment of anxiety states includes generalized anxiety as well as social anxiety, 

20 agoraphobia and those behavioural states characterized by social withdrawal, 
e.g. negative symptoms. 

2. Compounds of the invention, depending on their agonistic or an- 
tagonistic character on the SSTR1 or SSTR4, are advantageous in diseases 
involving pathological vascular proliferation, e.g. angiogenesis, restenosis, 

25 smooth muscle proliferation, endothelial cell proliferation and new blood vessel 
sprouting or conditions requiring the activation of neovascularization. The an- 
giogenic disease may for example be age-related macular degeneration or 
vascular proliferation associated with surgical procedures, e.g. angioplasty and 
AV shunts. Other possible uses are the treatments of arteriosclerosis, plaque 

30 neovascularization, hypertrophic cardiomyopathy, myocardial angiogenesis, 
valvular disease, myocardiac infarction, coronary collaterals, cerebral collat- 
erals and ischemic limb angiogenesis. 

3. Compounds of the invention are also indicated for the treatment 
of diseases connected to pathological condition in the retina and/or iris-ciliary 

35 body of mammals. Such conditions may be high intraocular pressure (IOP) 
and/or deep ocular infections. Treatable diseases may e.g. be glaucoma, 
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stromal keratitis, iritis, retinitis, cataract and conjunctivitis. Other diseases con- 
nected to the eye may be ocular and corneal angiogenic conditions, for exam- 
ple, corneal graft rejection, retrolental fibroplasia, Osier-Webber Syndrome or 
rubeosis. 

5 4. Compounds of the invention are also useful for the prevention or 

treatment of diseases or symptoms connected to diabetic complications such 
as diabetic retinopathy, diabetic nephropathy, diabetic neuropathy, Doan syn- 
drome and orthostatic hypotension. 

5. Compounds of the invention are useful for the treatment of a 

10 number of tumors such as e.g. the proliferation of adenoma cells, thyroid can- 
cer, large bowel cancer, breast cancer, prostatic cancer, small cell lung cancer, 
non-small cell cancer, pancreatic cancer, stomach cancer, Gl tumors, cholan- 
giocarcinoma, hepatic cancer, vesical cancer, ovarian cancer, melanoma, os- 
teosarcoma, chondrosarcoma, malignant pheochromocytoma, neuroblastoma, 

15 brain tumors, thymoma, paragangliomas, prostate carcinomas, sarcomas, gas- 
troenteropancreatic tumors, gastric carcinomas, phaeochromocytomas, 
ependymomas, renal cancers, leukemia e.g., leukemia of basophilic leukemia, 
chronic lymphocytic leukemia, chronic myeloid leukemia, Hodgkin disease and 
non-Hodgkin lymphoma. 

20 6. Compounds of the invention can also be used for the imaging of 

healthy or diseased tissues and/or organs, such as brain, vessels or tumors, 
possessing SSTR1 and/or SSTR4 receptors. 

7. Compounds of the invention are useful for targeting tumors with 
SSTR1 and/or SSTR4 receptors using a compound of the invention conjugated 

25 with anti-cancer drugs directly or using a suitable spacer. 

8. Finally, compounds of the invention are useful for wound healing, 
ovulation, menstruation, placentation, peptic ulcers, psoriasis, rheumatoid ar- 
thritis and Crohn's disease. 

Detailed description of the Invention 

30 The invention relates to the use of compounds having general for- 

mula (I) and pharmaceutical^ acceptable salts and esters thereof for the 
preparation of a medicament for treating a disease or condition in mammals 
where an interaction with the somatostatin receptor subtypes 1 and/or 4 is in- 
dicated to be useful, 

35 



6 




R2 



R2 



B 



N 



k N— R3 



R1 



o=s=o 



D 



(I) 



wherein 



Q is 

1) H, 

2) aryl, 

3) heteroaryl or 

4) a group of formula 



R5 

wherein aryl and heteroaryl can be unsubstituted or substituted with 1 to 4 
substituents selected from R a ; 
A is 

1) H, 

2) (d-C6)alkyl or 

3) (C 3 -C 5 )cycloalkyl; 

B is independently selected from 

1) H, 

2) halogen or 

3) (Ci-C e )alkyl; 

or B and B together can form a double or a triple bond between the 
atoms to which they are attached; 

D is aryl or heteroaryl, which can be unsubstituted or substituted 
with one to four groups selected from R d ; 

R1 is 

1) H, 

2) (Ci-C 6 )alkyl or 

3) (C 3 -C 7 )cycloalkyl; 
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R2 is independently selected from 

1) H, 

2) (Ci-C e )alkyl, 

3) (C 2 -C 6 )alkenyl, 
5 4) (C 2 -C 6 )alkynyl, 

5) (C 3 -C7)cycloalkyl, 

6) (Ca-CyJcycloalkyKd-CeJalkyl, 

7) -NH 2 or 

8) -C(=NR b )NR b R b ; 

10 wherein R b and R b together with the atoms to which they are at- 

tached can also form a 5 to 6 membered unsaturated or saturated ring; or 

R2 and R2 together with the nitrogen to which they are attached 
form a 5 to 7 membered ring containing 1 to 3 heteroatoms selected from N, O 
and S, wherein the formed ring can be saturated or unsaturated; 

15 R3 is 

1) H, 

2) (Ci-C 6 )alkyl, 

3) (C 2 -C 6 )alkenyl, 

4) (C 2 -C 6 )alkynyl or 
20 5) (C 3 -C 7 )cycloalkyl; 

R4 is 

1) H, 

2) (d-CeJalkyl, 

3) (C 2 -C 6 )alkenyl, 
25 4) (C 2 -C 6 )alkynyl, 

5) Cy, 

6) Cy-(Ci-C 6 )alkyl, 

7) Cy-(C 2 -C 6 )alkenyl or 

8) Cy-(C 2 -C 6 )alkynyl; 

30 wherein alkyl. alkenyl, alkynyl and Cy are each optionally substi- 

tuted with one to two substituents selected from R d ; 
R5 is 

1) H, 

2) (d-CeJalkyl, 
35 3) (C 2 -C 6 )alkenyl, 

4) (C 2 -C 6 )alkynyl, 
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5) aryl, 

6) aryKQi-CeJalkyl, 

7) heteroaryl, 

8) heteroaryl(Ci-C 6 )alkyl or 

9) -(CH 2 ) k C(0)NHR b ; 

wherein aryl and heteroaryl are each optionally substituted with one 
to two substituents selected from R d ; or 

R4 and R5 together with the atom to which they are attached form a 
3 to 7 membered ring containing 0 to 2 heteroatoms selected from N, O and S, 
wherein the said ring can be substituted with one to three substituents selected 
from R d ; or the said ring can be fused to aryl or heteroaryl which can be substi- 
tuted with one to three substituents selected from R d ; 

R a is independently 

1) H, 

2) halogen, 

3) -OR b , 

4) (Ci-C 6 )alkyl or 

5) -CF 3 ; 

R b is independently 

1) hydrogen, 

2) (d-QOalkyl, 

3) (C 2 -C 6 )alkenyl, 

4) (C 2 -C 6 )alkynyl, 

5) Cyor 

6) Cy-(Ci-C 4 )alkyl; 
R d is independently 

1 ) a group selected from R c , 

2) (Ci-Ce)alkyl, 

3) (C 2 -C 6 )alkenyl, 

4) (C 2 -C 6 )alkynyl, 

5) aryl, 

6) aryl-(Ci-C 6 )alkyl, 

7) heteroaryl-(Ci-C 6 )alkyl, 

8) (C 3 -C 7 )cycloalkyl or 

9) heterocyclyl; 
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wherein alkyl, alkenyl, alkynyl, aryl and heteroaryl are each option- 
ally substituted with one to four substituents independently selected from R c ; 
R° is independently 
1 ) a group selected from R a , 
5 2) -N0 2 , 

3) -SR b , 

4) -NR b R b , 

5) -CNor 

6) -NR b C(0)R b ; 

10 k is an integer 0 or 1; 

n is an integer from 0 to 3; and 
Cy is cycloalkyl, heterocyclyl, aryl or heteroaryl. 
"Alkyl", as well as other groups having the prefix "alk", such as 
alkoxy, alkanoyl, means carbon chains which may be linear or branched or 

15 combinations thereof. Size of the alkyl can further be specified by adding the 
number of carbons in front of the group, e.g. (C r C 6 )alkyl, (Ci-C 3 )alkyl. Exam- 
ples of alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, seobutyl, 
fert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, and the like. 

"Alkenyl" means carbon chains which contain at least one carbon- 

20 carbon double bond, and which may be linear or branched or combinations 
thereof. Size of the alkenyl can further be specified by adding the number of 
carbons in front of the group, e.g. (C 2 -C 6 )alkenyl, (C 2 -C 8 )alkenyl. Examples of 
alkenyl groups include vinyl, allyl, isopropenyl, 1-pentenyl, 2-pentenyl, hexenyl, 
heptenyl, 1-propenyl, 2-butenyl, 2-methyl-2-butenyl, and the like. 

25 "Alkynyl" means carbon chains which contain at least one carbon- 

carbon triple bond, and which may be linear or branched or combinations 
thereof. Size of the alkynyl can further be specified by adding the number of 
carbons in front of the group, e.g. (C 2 -C 6 )alkynyl, (C 2 -C 8 )alkynyl. Examples of 
alkynyl groups include ethynyl, propargyl, 3-methyl-1-pentynyl, 2-heptenyl, and 

30 the like. 

"Cycloalkyl" means mono- or bicyclic saturated carbocyclic rings, 
each of which having from 3 to 8 carbon atoms. The term also includes mono- 
cyclic rings fused to an aryl group in which the point of attachment is on the 
non-aromatic portion. Size of the cycloalkyl can further be specified by adding 
35 the number of carbons in front of the group, e.g. (C 3 -C 7 )cycloalkyl, (C5-C10)- 
cycloalkyl. Examples of cycloalkyl groups include cyclopropyl, cyclopentyl, 
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cyclohexyl, cycloheptyl, tetrahydronaphthyl, decahydronaphthyl, indanyl, and 
the like. 

"Aryl" means mono- or bicyclic aromatic rings containing only car- 
bon atoms. The term also include aryl group fused to a monocyclic cycloalkyl 
or monocyclic heterocyclyl group in which the point of attachment is on the 
aromatic portion. Size of the aryl can further be specified by adding the number 
of carbons in front of the group, e.g. (C 6 -Ci 2 )aryl. Examples of aryl groups in- 
clude phenyl, naphthyl, indanyl, indenyl, tetrahydronaphthyl, 2,3-dihydro- 
benzofuranyl, benzopyranyl, 1 ,4-benzodioxanyl, and the like. 

"Heteroaryl" means a mono- or bicyclic aromatic ring containing at 
least one heteroatom selected from N, O and S, with each ring containing 5 to 
6 atoms. The term also include heteroaryl group fused to a monocyclic cycloal- 
kyl or monocyclic heterocyclyl group in which the point of attachment is on the 
aromatic portion. Examples of heteroaryl groups include pyrrolyl, isoxazolyl, 
isothiazolyl, pyrazolyl, pyridyl, oxazolyl, oxadiazolyl, thiadiazolyl, thiazolyl, imi- 
dazolyl, triazolyl, tetrazolyl, furanyl, triazinyl, thienyl, pyrimidyl, pyridazinyl, 
pyrazinyl, benzoxazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl, ben- 
zothiophenyl, furo(2,3b)pyridyl, quinolyl, indolyl, isoquinolyl, and the like. 

"Heterocyclyl" means mono- or bicyclic saturated rings containing at 
least one heteroatom selected from N, O, S, each of said ring having from 5 to 
8 atoms in which the point of attachment may be carbon or nitrogen. The term 
also includes monocyclic heterocycle fused to an aryl or a heteroaryl group in 
which the point of attachment is on the non-aromatic portion. Furthermore, the 
term also includes partially unsaturated monocyclic rings that are not aromatic, 
such as 2- and 4-pyridones attached through the nitrogen. Other examples of 
heterocyclyl groups include pyrrolidinyl, piperidinyl, piperazinyl, imidazolinyl, 
2,3-dihydrofuro(2,3-b)pyridyl, benzoxazinyl, tetrahydroquinolinyl, tetrahydroi- 
soquinolinyl, dihydroindonyl, and the like. 

The term "cycloalkyl-alkyl", as employed herein, refers to a "cycloal- 
kyl", as defined above, appended to the parent molecular moiety through an 
alkyl group, as defined above. Size of the cycloalkyl and the alkyl can further 
be specified by adding the number of carbons in front of the group, e.g. 
(C 3 -C 7 )cycloalkyl(Ci-C 6 )alkyl, (C3-C 5 )cycloalkyl(Ci-C 2 )alkyl. Representative 
examples of cycloalkyl-alkyl include, but are not limited to, cyclohexylmethyl, 
1-cyclohexylethyl, 2-cyclopentylethyl, and the like. 



The term "aryl-alkyl", as employed herein, refers to a "aryl", as de- 
fined above, appended to the parent molecular moiety through an (d-C 6 )alkyl 
group, as defined above. Size of the aryl or alkyl can further be specified by 
adding the number of carbons in front of the group, e.g. aryl-(Ci-C 6 )alkyl, 
5 (C 6 -C 12 )aryl-(Ci-C 3 )alM- Representative examples of aryl-alkyl include, but 
are not limited to, 2-naphthylmethyl, 1-(2- indanyl)ethyl, 2- tetrahydronaphthyl- 
ethyl, and the like. 

The term "heteroaryl-alkyl", as employed herein, refers to a "het- 
eroaryl", as defined above, appended to the parent molecular moiety through 

10 an alkyl group, as defined above. Size of the alkyl can further be specified by 
adding the number of carbons in front of the group, e.g. heteroaryl-(Ci-C 6 )- 
alkyl, heteroaryl-(Ci-C 2 )alkyl. Representative examples of heteroaryl-alkyl in- 
clude, but are not limited to, 2-(2-pyridyl)propyl, 2-benzothiophenylmethyl, 4-(2- 
quinolyl)butyl, and the like. 

15 The term "Cy-alkyl", as employed herein, refers to a "Cy", as defined 

above, appended to the parent molecular moiety through an alkyl group, as 
defined above. Size of the alkyl can further be specified by adding the number 
of carbons in front of the group, e.g. Cy-(Ci-C 6 )alkyl, Cy-(C 1 -C 3 )alkyL Repre- 
sentative examples of Cy-alkyl include, but are not limited to, benzyl, 1-(2- 

20 naphthyl)ethyl, 2-cyclohexylethyl, and the like. 

The term "halogen", as employed herein, refers to chlorine, bromine, 
fluorine or iodine. 

The compounds of formula I, as well as the pharmaceutical^ ac- 
ceptable salts and esters thereof, are referred to below as the compounds of 

25 the invention, unless otherwise indicated. 

The invention includes within its scope all the possible stereoisom- 
ers of the compounds, including geometric isomers, e.g. Zand E isomers (cis 
and trans isomers), and optical isomers, e.g. diastereomers and enantiomers. 
Furthermore, the invention includes in its scope both the individual isomers 

30 and any mixtures thereof, e.g. racemic mixtures. The individual isomers may 
be obtained using the corresponding isomeric forms of the starting material or 
they may be separated after the preparation of the end compound according to 
conventional separation methods. For the separation of optical isomers, e.g. 
enantiomers, from the mixture thereof the conventional resolution methods, 

35 e.g. fractional crystallisation, may be used. 
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Some of the compounds of the invention may also exist as tautom- 
ers, namely having different points of attachment of hydrogen. For instance, 
ketones can exist also in their enol form (keto-enol tautomerism). The individual 
tautomers as well as mixtures thereof are encompassed with compounds of in- 
5 vention. 

Pharmaceutical^ acceptable salts, e.g. acid addition salts with both 
organic and inorganic acids are well known in the field of pharmaceuticals. 
Non-limiting examples of these salts include chlorides, bromides, sulfates, ni- 
trates, phosphates, sulfonates, formates, tartrates, maleates, citrates, benzo- 

10 ates, salicylates and ascorbates. Pharmaceutical ly acceptable esters, when 
applicable, may be prepared by known methods using pharmaceutical^ ac- 
ceptable acids that are conventional in the field of pharmaceuticals and that re- 
tain the pharmacological properties of the free form. Non-limiting examples of 
these esters include esters of aliphatic or aromatic alcohols, e.g. methyl, ethyl, 

15 propyl, isopropyl, butyl, isobutyl, sec-butyl and fe/t-butyl esters. 

The pharmaceutical compositions of the compounds of the invention 
may be formulated in a conventional manner using one or more pharmaceuti- 
cally acceptable carriers or excipients. Formulations can for instance enable 
for oral, buccal, topical, intranasal, parenteral (e.g. intravenous, intramuscular 

20 or subcutaneous) or rectal administration or administration by inhalation or in- 
sufflation. Compounds of the invention may also be formulated for sustained 
delivery. 

For oral administration, forms of suitable compositions include but 
are not limited to tablets, chewable tablets and capsules. These may be pre- 

25 pared by conventional means with pharmaceutical^ acceptable excipients, 
such as binding agents (e.g. pregelatinized maize starch), disintegrants (e.g. 
potato starch), fillers (e.g. lactose) or lubricants (e.g. magnesium stearate). 
Tablets may be coated by methods well known in the art. For oral administra- 
tion, possible liquid preparations include but are not limited to solutions, syrups 

30 or suspensions, or they may exist as dry powder for constitution with water or 
other suitable vehicle prior use. These liquid preparations may be prepared by 
conventional means with pharmaceutical^ acceptable agents, such as sus- 
pending agents, non-aqueous vehicles, preservatives and emulsifyiers. 

A possible dose of the active compounds of the invention for oral, 

35 parenteral, buccal or topical dose to the adult human is between 0.1 and 500 
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mg of the active compound per unit dose, which may administered, for in- 
stance, 1 to 4 times in a day. 



tion and the dosing interval can be determined by those skilled in the art. It is 
5 also well recognized that these variables depend on multiple factors including 
but not restricted to activity of the therapeutic compound, the formulation 
thereof, pharmacokinetic properties (such as absorption, distribution, metabo- 
lism and excretion) of the therapeutic compound, the nature and location of the 
target tissue or organ and the issues connected to the state of a disease or 

10 disorder in a patient in need of treatment. Additionally, when the compounds of 
the invention are administered with additional pharmaceutical^ active ingredi- 
ents, one or more pharmaceutical compositions may be used for the delivery of 
all the agents, which may be administered together, or at different times, as 
determined by those skilled in the art. 

15 The compounds of the current invention can be viewed as consist- 

ing of three different motifs: an 'aromatic part', a 'carboxylic acid 1 and a 'sulfon- 
ylamino' part. Thus, the compounds of the invention are named as amides 
wherein the 'carboxylic acid' forms the parent structure that is amidated by the 
'aromatic part' and further substituted by the 'sulfonylamino' and an additional 

20 basic function. Naming is exemplified with the following structures: 



It is well recognized that the precise dose, the route of administra 




A/-((S)-1-carbamoyl-2-phenylethyl)-5-guanidino-(S)-2-(A/'-(4-methyl-1-naphtha- 
lenesulfonyl)amino)pentanamide 

25 
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A/-benzyl-4-(A/'-isopropyl)amino-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)- 
amino)butanamide. 

5 One preferred embodiment of the compounds of formula I are those 

wherein Q is 




R5 



and R5 is -C(0)NH 2 . For this purpose R4 is preferably Cy or Cy-(d-C 3 )alkyl 
10 where Cy is optionally substituted with one to three substituents selected from 
R d ; even more preferred Cy is phenyl. Preferred substitutients are selected 
from halogen, (Ci-C 3 )alkyl and -0(Ci-C 3 )alkyl. 

Another preferred embodiment of the compounds of formula I are 
those wherein Q is 

R4 



15 



20 



R5 

and R5 is -C(0)NH 2 . For this embodiment R4 is preferably benzyl where the 
benzylic carbon is substituted with an additional phenyl. 

Another preferred embodiment of the compounds of formula I are 
those wherein Q is 

R5 



and R5 is hydrogen or (Ci-C 3 )alkyl and R4 is phenyl or benzyl, optionally sub- 
stituted at positions 2 or 3 with one to two substituents selected from R d . More 
preferred substituents are selected from halogen and (Ci-C 3 )alkyl. 
25 Another preferred embodiment of the compounds of formula I are 

those where R1 is hydrogen or (d-C 3 )alkyl and more preferably hydrogen. 
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Yet another preferred embodiment of the compounds of for- 
mula I are those where R2 is hydrogen, (d-C 3 )alkyl, (C 3 -C 5 )cycloalkyl 
or -C(=NH)NH 2 . 

Yet another preferred embodiment of the compounds of formula I 
5 are those where R3 is hydrogen or (Ci-C 6 )alkyl. 

Yet another preferred embodiment of the compounds of formula I 
are those where A is hydrogen. 

Yet another preferred embodiment of the compounds of formula I 
are those where B is hydrogen. 
10 Yet another preferred embodiment of the compounds of formula I 

are those where D is aryl, which is optionally substituted with one to three sub- 
stituents selected from R d . In a more preferred embodiment D is naphthyl, 
which is optionally substituted with one to two groups selected from R d and 
preferred substitutions are selected from halogen, (Ci-C 6 )alkyl, -NR b R b and 
15 -OR b . Even more preferred substitutions are halogen and (Ci-C 3 )alkyl. 

Yet another preferred embodiment of the compounds of formula I 
are those where n is an integer 1 or 2. 

Yet another preferred embodiment of the compounds of formula I 
are those where k is 0. 
20 Yet another preferred embodiment of the compounds of formula I 

are those where the absolute configuration of the carbon containing the group 
A substitution is S. 

In another aspect the invention provides novel compounds of for- 
mula II, 



R2^ .R2 
N 




(R6) t 
(II) 



and pharmaceutical^ acceptable salts and esters thereof, wherein 
R1 , R3, A, B and Q are as defined above under formula I, and R2 is independ- 
30 ently selected from 
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1) H, 

2) (CVCeOalkyl, 

3) (C 2 -C 6 )alkenyl, 

4) (C 2 -C 6 )alkynyl, 

5 5) (C 3 -C 7 )cycloalkyl or 

6) (C 3 -C 7 )cycloalkyl(Ci-C 6 )alkyl; 
or symbols R2 together with the nitrogen to which they are attached 
form a saturated 5 to 7 membered ring containing 1 to 2 heteroatoms selected 
from N, O and S; 

10 

and when Q is a group of formula R5 , 
then R4 is as defined above under formula I; 
R5 is 

1) H, 

15 2) (Ci-C 6 )alkyl, 

3) (C 2 -C 6 )alkenyl, 

4) (C 2 -C6)alkynyl, 

5) aryl, 

6) aryl-(Ci-C 6 )alkyl, 
20 7) heteroaryl or 

8) heteroaryl-Cd-CeJalkyl; 

wherein aryl and heteroaryl are each optionally substituted with one 
to four substituents selected from R d ; or 

R4 and R5 together with the atom to which they are attached form a 
25 3 to 8 membered ring containing 0 to 2 heteroatoms selected from N, O and S, 
wherein the said ring may be substituted with one to three substituents se- 
lected from R d ; or the said ring may be fused to aryl or heteroaryl which may 
be substituted with one to three substituents selected from R d ; 
R6 is independently selected from 
30 1) H, 

2) halogen, 

3) -N0 2 , 

4) -NR b R b , 

5) -CN, 
35 6) -OR b , 
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7) -SR b , 

8) -C(0)R b , 

9) (d-CeJalkyl, 

10) (C 2 -C 6 )alkenyl, 
5 11) (C2-C 6 )alkynyl, 

12) (C 3 -C 7 )cycloalkyl or 

13) -CF 3 ; 

t is an integer from 0 to 3; 
n is an integer from 1 to 2; 
10 X is a bond or C(R6); 

L is C(R6), S or N; and 

R b and R d are as defined above under formula I. 
In a more preferred embodiment of Formula II, Q is 
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R4 



R5 . 



R1 is H; R2 is independently H or (Ci-C 6 )alkyl; R3 is H or (Ci-C 3 )alkyl; R4 is 
phenyl or benzyl optionally substituted by a group selected from R a as defined 
above under formula I; R6 is independently selected from H, halogen, (d- 
20 C 6 )alkyl or -CF 3 ; t is an integer 0 to 1 ; A is H; B is H; L is C(R6), X is C(R6); 
and R5 and n are as defined above under formula II. 

Yet another preferred embodiment of the compounds of formula II 
are those where the carbon containing the group A has the absolute configura- 
tion S. 



25 
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Experimental part 
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Compounds of the invention can be prepared using the following 
general synthetic schemes. 

Scheme 1. Solution phase synthesis scheme for the compounds of the invention 




1) DIC, HOBt, DMF/DCM (1/1 , dry) 

2) Removal of PG 

3) TEA, THF/DMF (dry) 

4) Removal of possibly remaining protecting groups 
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Scheme 2. Solid phase synthesis scheme for the compounds of the invention 

R1 

1 HO. JXL.NFmoc 2 3 H _ . I 

Rink — NHFmoc Rink— NH 2 + jjl Tfrf Rink— N>.L^J^ NFmoc 

° R4 O R4 



O R4 ^3 O R4 O A Y 



1 H r , I 
Rink—" ' 



R1 R3 ft 



O R4 O A Y 



Rink— 



H r , ? 1 r . ? 3 ff Cleavage ? 1 *3 0 

O R4 O A Y J I ! A A » ° 



1 ) 20 % piperidine In DMF (dry) 

2) DIC, (HOBt), DMF (dry) 

3) Ac 2 0, DIPEA, DMF (dry) 

4) TEA, THF (dry) 

It's evident for a person skilled in the art that these general schemes 
can be further modified for example by using different protecting groups (e.g. 
those described in T.W. Greene and P.G.M. Wuts, "Protective Groups in Or- 
ganic Synthesis", 2 nd ed. Wiley, 1991, New York, US), or adding or removing 
steps in between or after the described steps, which enables additional syn- 
thetic modifications including, but not limited to, examples given. 
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Starting materials 

The Rink resin was obtained from Advanced ChemTech, UK. Amino 
acids were purchased from either from Advanced ChemTech, UK or Novabio- 
chem, Switzerland unless otherwise specified. DIC, HOBt, acetic anhydride 
5 and piperidine were products of Acros Organics, Belgium. DIPEA was from 
Fluka AG, Germany. All the other reagents or solvents were purchased from 
Aldrich or Merck, Germany, if not otherwise specified. The reagents were used 
as such and solvents were purified and dried according the methods described 
in W.L.F. Armareggo and D.D. Perrin, "Purification of Laboratory Chemicals", 
10 4 th ed. Butterworth-Heinemann, 1996, Bath, Great Britain. 

General description of MS analysis 

Molecular weight of the compound was determined with Micromass 
Micro triple quadrupole mass spectrometer. Essential MS parameters were: 
cone voltage 30 V, capillary voltage 3.5 kV, low mass resolution on MS1 15, 

15 high mass resolution on MS1 15, ion energy on MS1 1.0, source temperature 
110°C, desolvation temperature 250°C and desolvation gas flow 700 l/h. Sam- 
ples were introduced by Waters Alliance 2695 HPLC. Flow rate of 0.3 ml/min 
was formed of 10% water and 90% MeOH eluent (containing 0.01% HCOOH). 
Sample volume of 10 m' was injected through a Waters Symmetry Shield 2.1 X 

20 10 mm Ci 8 precolumn. 

General description of LC-MS analysis 

For LC-MS analysis the gradient started from 100% water (contain- 
ing 0.01% HCOOH) (A) which changed linearly in ten minutes to 100% ACN 
(containing 0.01% HCOOH) (B). In addition, a Waters Symmetry Shield 2.1 X 
25 50 mm Ci8 column with a corresponding precolumn was flushed for two min- 
utes with B. Flow rate was 0.4 ml/min and 10 pi of sample was injected. Some 
essential MS parameters were increased compared to standard MS analysis: 
desolvation temperature to 350°C and desolvation gas flow to 900 l/h. UV 
chromatogram was recorded with Waters 996 diode array detector. 

30 General description of NMR analysis 

NMR spectra were recorded on Bruker DMX 500 spectrometer op- 
erating at 500.13 MHz for 1 H. CD 3 OD was used as the solvent and TMS as in- 
ternal standard. 
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General description of Flash Chromatography purification 

Flash Chromatographic purification were conducted with Argonaut 
FlashMaster II Automated Purification System (Argonaut Technologies, UK) 
using normal phase columns (Supelco DSC-Si 20 g). Flow rate was 7 ml/min 
5 and detection wavelength 230 nm. Standard elution program was 25 minutes 
with the following gradient: 100% DCM for 3 minutes followed by gradual in- 
crease up to 25% MeOH during 17 minutes and a gradual increase up to 100% 
of MeOH during the final 5 minutes. After MS verification, fractions containing 
the product were combined and evaporated. 

10 General description of RP-HPLC purification 

Semi-preparative RP-HPLC purifications were done with Waters 
616 pump, controlled by Waters 600 controller unit. Instrument was equipped 
with Waters 2487 UV detector and Waters fraction collector. Xterra Prep Ci 8 
RP 10 X 150 mm column with 7.8 X 20 mm precolumn was used for purifica- 
15 tions. Flow rate was 6.6 ml/min and the detection wavelength 254 nm. Gradi- 
ent started with water (containing 0.3% HCOOH) (A) which changed linearly to 
ACN (containing 0.3% HCOOH) (B) within ten minutes. In addition column 
was flushed with B for two minutes. Fraction collector was programmed to col- 
lect 30 s fractions. The fractions were analysed by MS. 

20 General description of LC purity analysis 

HPLC purity of the compounds was determined using Waters 616 
pump, controlled by Waters 600 controller unit. Instrument was further 
equipped with Waters 2487 UV detector (detection wavelengths 254 nm and 
220 nm). Waters Symmetry Shield 2.1 X 50 mm Ci 8 column with correspond- 
25 ing precolumn and a flow rate of 0.4 ml/min was used. Linear gradient starting 
from water (containing 0.01% HCOOH) (A) to acetonitrile (containing 0.01% 
HCOOH) (B) over 17 minutes and then 100% B for 1 minute was applied. 

Example 1 

Synthesis of 5-amino-/V-(3-chlorobenzyl)-(S)-2-(/v'-(1 -naphthalenesulfo- 
30 nyl)amino)pentanamide 

Step I 

Fmoc-Orn(Boc)-OH (70.0 mg, 454.52 g/mol, 0.15 mmol, 1 eq), DIC 
(24.1 uJ, 126.20 g/mol, 0.806 g/cm 3 , 0.15 mmol, 1 eq) and HOBt (20.8 mg, 
135.12 g/mol, 0.15 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 5 ml). 
35 After 5 minutes 3-chlorobenzylamine (18.8 141 .60 g/mol, 1 .159 g/cm 3 , 0.15 
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mmol, 1 eq, Acros) was added to the reaction mixture. According to TLC 
analysis, reaction was complete after overnight stirring. Solvent was then 
evaporated and the yellow residue was purified with flash chromatography. 5- 
(A/-Boc-amino)-A/'-(3-chlorobenzyl)-(S)-2-(A/"-Fmoc-amino)pentanamide as 
5 white foam was obtained with quantitative yield. 

Step II 

Fmoc protection was removed by dissolving the 5-(A/-Boc-amino)- 
A/'-(3-chlorobenzyl)-(S)-2-(A/"-Fmoc-amino)pentanamide in 5 ml of 20 vol-% 
piperidine in DMF. After 30 minutes stirring, solvent and excess of piperidine 
10 were evaporated. Product was used without purification for step III. 

Step III 

(S)-2-Amino-5-(A/-Boc-amino)-A/'-(3-chlorobenzyl)pentanamide 
(0.15 mmol) was dissolved in DMF (2.5 ml, dry) and 1 -naphthalenesulfonyl 
chloride (45.4 mg, 226.68 g/mol, 0.2 mmol, 1.3 eq, Acros) in THF (2.5 ml, dry) 
15 was added. TEA (27.8 101.19 g/mol, 0.73 g/cm 3 , 0.2 mmol, 1.3 eq, Baker) 
was then added to the solution. After 15 minutes, some precipitate was ob- 
served. After overnight stirring, solvent was evaporated and residue purified 
with flash chromatography to give 5-(A/-Boc-amino)-A/'-(3-chlorobenzyl)-(S)-2- 
(/V'-(1-naphthalenesulfonyl)amino)pentanamide. 

20 Step IV 

5-(A/-Boc-amino)-A/'-(3-chlorobenzyl)-(S)-2-(A/"-(1-naphthalenesul- 
fonyl)amino)pentanamide was dissolved in 25% TFA in DCM (2 ml) and mix- 
ture was stirred for 30 minutes. Solvent evaporation gave 75.8 mg of 5-amino- 
A/-(3-chlorobenzyl)-(S)-2-(A/'-(1-naphthalenesulfonyl)amino)pentanamide as 
25 brown oil. Part of the product was further purified with RP-HPLC to give 1 1 .5 
mg of 5-amino-A/-(3-chlorobenzyl)-(S)-2-(A/'-(1-naphthalenesulfonyl)amino)- 
pentanamide as a white powder, overall yield 13%. 

MS-ESI + (m/z): 446 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.70 (m, 1H), 8.21 (m, 1H), 
30 8.13 (d, 1H), 8.01 (m, 1H), 7.66-7.60 (m, 2H), 7.53 (m, 1H), 7.24-7.17 (m, 2H), 
7.02 (m, 1H), 6.84 (m, 1H), 3.87 (d, 2H), 3.80 (m, 1H), 2.82 (m, 2H), 1.76-1.57 
(m, 4H). 
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Example 2 

Synthesis of 5-amino-(S)-2-(A/-(4-methyl-1-naphthalenesulfonyl)amino)- 
AT -(phenyl)pentanamide 

Step I 

5 Fmoc-Orn(Boc)-OH (50.0 mg, 454.52 g/mol, 0.11 mmol, 1 eq), DIC 

(17.2 jxl, 126.20 g/mol, 0.806 g/cm 3 , 0.11 mmol, 1 eq) and HOBt (15.0 mg, 
135.12 g/mol, 0.12 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 4 ml). 
After 10 minutes aniline (10.0 fJ, 93.13 g/mol, 1.022 g/cm 3 , 0.11 mmol, 1 eq, 
Acros) was added to the reaction mixture. After overnight stirring, temperature 
10 was raised to 40°C and kept there for 2 hours. Solvent was then evaporated 
and residue purified with flash chromatography. 5-(A/-Boc-amino)-(S)-2-(/v"- 
Fmoc-amino)-A/"-(phenyl)pentanamide as white powder was obtained with 
quantitative yield. 

Step II 

15 Fmoc protection was removed by dissolving the 5-(/V-Boc-amino)- 

(S)-2-(/V'-Fmoc-amino)-/V"-(phenyl)pentanamide in 5 ml of 20 vol-% piperidine 
in DMF. After 45 minutes stirring, solvent and excess of piperidine were evapo- 
rated. Product was used without purification for step III. 

Step III 

20 (S)-2-Amino-5-(A/-Boc-amino)-A/'-(phenyl)pentanamide (0.11 mmol) 

was dissolved in DMF (1 ml, dry) and 4-methyl-1 -naphthalenesulfonyl chloride 
(26.5 mg, 240.71 g/mol, 0.11 mmol, 1 eq, Maybridge) in THF (1 ml, dry) was 
added. Finally, TEA (15.3 jxl, 101.19 g/mol, 0.73 g/cm 3 , 0.11 mmol, 1 eq, 
Baker) was added to the solution. After 15 minutes, some precipitate was ob- 

25 served. After overnight stirring, solvent was evaporated and residue purified 
with flash chromatography to give 5-(/V-Boc-amino)-(S)-2-(/V'-(4-methyl-1- 
naphthalenesulfonyl)amino)-/V"-(phenyl)pentanamide. 

Step IV 

5-(A/-Boc-amino)-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)amino)- 
30 AT-(phenyl)pentanamide was dissolved in 30% TFA in DCM (3 ml) and mix- 
ture was stirred for 45 minutes. After solvent evaporation and flash chromatog- 
raphy 21.8 mg of 5-amino-(S)-2-(/V-(4-methyl-1-naphthalenesulfonyl)amino)- 
/v"-(phenyl)pentanamide was obtained; yield 48%. 

MS-ESI + (m/2): 412 
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1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.73 (m, 1H), 8.15 (d, 1H), 
7.99 (m, 1H), 7.75-7.60 (m, 2H), 7.32 (m, 1H), 7.15-7.09 (m, 2H), 7.00 (m, 1H), 
6.80 (m, 2H), 3.79 (m, 1H), 2.92 (m, 2H), 2.50 (d, 3H), 1.90-1.60 (m, 4H). 

Example 3 

5 Synthesis of 5-amino-(S)-2-(A/-(4-methyl-1-naphthalenesulfonyl)amino)- 
AT -((fl)-1 -(2-naphthyl)ethyl)pentanamide 

Step I 

Fmoc-Orn(Boc)-OH (100.2 mg, 454.52 g/mol, 0.22 mmol, 1 eq), DIC 
(34.4 }xl, 126.20 g/mol, 0.806 g/cm 3 , 0.22 mmol, 1 eq) and HOBt (29.7 mg, 

10 135.12 g/mol, 0.22 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 4 ml). 
After 10 minutes (fi)-1-(2-naphthyl)ethylamine (37.7 mg, 171.24 g/mol, 0.22 
mmol, 1 eq, Acros) was added to the reaction mixture. After overnight stirring, 
temperature was raised to 40°C and kept there for 2 hours. Solvent was then 
evaporated and residue purified with flash chromatography. 5-(A/-Boc-amino)- 

15 (S)-2-(A/'-Fmoc-amino)-A/"-((/ : ?)-1-(2-naphthyl)ethyl)pentanamide was obtained 
with quantitative yield. 

Step II 

Fmoc protection was removed by dissolving the 5-(A/-Boc-amino)- 
(S)-2-(A/'-Fmoc-amino)-A/"-((/?)-1-(2-naphthyl)ethyl)pentanamide in 5 ml of 20 
20 vol-% piperidine in DMF. After 45 minutes stirring, solvent and excess of 
piperidine were evaporated. Product was used without purification for step III. 

Step III 

(S)-2-Amino-5-(A/-Boc-amino)-/S/'-((f?)-1-(2-naphthyl)ethyl)pentanamide 
(0.22 mmol) was dissolved in DMF (1 ml, dry) and 4-methyl-1-naphthalene- 

25 sulfonyl chloride (53.1 mg, 240.71 g/mol, 0.22 mmol, 1 eq, Maybridge) in THF 
(1 ml, dry) was added. Finally, TEA (30.5 nl, 101.19 g/mol, 0.73 g/cm 3 , 0.22 
mmol, 1 eq, Baker) was added to the solution. After 15 minutes, some precipi- 
tate was observed. After overnight stirring, solvent was evaporated and resi- 
due purified with flash chromatography to give 5-(A/-Boc-amino)-(S)-2-(/V'-(4- 

30 methyl-1 -naphthalenesulfonyl)amino)-/V"-((fl)-1 -(2-naphthyl)ethyl)pentanamide. 

Step IV 

5-(A/-Boc-amino)-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)amino)- 
N "-((fl)-1-(2-naphthyl)ethyl)pentanamide was dissolved in 30% TFA in DCM 
(3 ml) and mixture was stirred for 45 minutes. After solvent evaporation and 
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flash chromatography 11.4 mg of 5-amino-(S)-2-(A/-(4-methyl-1-naphthalene- 
sulfonyl)amino)-A/'-((ff)-1-(2-naphthyl)ethyl)pentanamide was obtained; overall 
yield 11%. 

MS-ESI + (m/z): 490 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.68 (m, 1H), 8.05-7.94 (m, 
2H), 7.84 (m, 1 H), 7.77-7.68 (m, 2H), 7.61 (m, 2H), 7.48 (m, 3H), 7.04 (m, 2H), 
4.75 (m, 1H), 3.90 (m, 1H), 2.97-2.83 (m, 2H), 2.47 (s, 3H), 1.85-1.62 (m, 4H), 
1.15 (d, 3H). 

Example 4 

Synthesis of 5-amino-yV-(2-(3-chlorophenyl)ethyl)-(S)-2-(/ST-(4-methyl-1 - 
naphthalenesulfonyl)amino)pentanamide 

Compound was synthesised according the procedure described in 
example 3 but (f?)-1 -(2-naphthyl)ethylamine was substituted with 2-(3-chloro- 
phenyl)ethylamine (30.6 155.63 g/mol, 1.119 g/cm 3 , 0.22 mmol, 1 eq). Final 
Boc deprotection and subsequent flash chromatography gave 73.3 mg of 5- 
amino-A/-(2-(3-chlorophenyl)ethyl)-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)- 
amino)pentanamide; yield 68% 

MS-ESI + (m/z): 474 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.72 (m, 1H), 8.17 (m, 1H), 
8.13 (d, 1H), 7.70 (m, 2H), 7.45 (m, 1H), 7.23-7.15 (m, 2H), 7.03 (m, 1H), 6.92 
(m, 1H), 3.68 (m, 1H), 2.93-2.75 (m, 4H), 2.74 (d, 3H), 2.28-2.15 (m, 2H), 1.75- 
1.52 (m, 4H). 

Example 5 

Synthesis of 5-amino-A/-(1 ,2-diphenylethyl)-(S)-2-(Ar-(4-methyM-naphtha- 
lenesulfonyl)amino)pentanamide 

Compound was synthesised according the procedure described in 
example 3 but (fl)-1-(2-naphthyl)ethylamine was substituted with 1,2- 
diphenylethylamine (42.6 pi, 197.28 g/mol, 1.020 g/cm 3 , 0.22 mmol, 1 eq). 
Step I gave 118.1 mg of 5-(/V-Boc-amino)-/V'-(1,2-diphenylethyl)-(S)-2-(A/"- 
Fmoc-amino)pentanamide; yield 85%. After final Boc deprotection and subse- 
quent flash chromatography, 27.1 mg of 5-amino-AJ-(1,2-diphenylethyl)-(S)-2- 
(A/'-(4-methyl-l-naphthalenesulfonyl)amino)pentanamide was obtained; yield 
28%. 

MS-ESI + (m/z): 516 
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1 H NMR (500 MHz, CD 3 OD; 6, ppm): 8.75 (m, 1H), 8.67 (m, 1H), 
8.21-8.08 (m, 3H), 7.97 (d, 1H), 7.77-7.61 (m, 4H), 7.47 (m, 2H), 7.25-7.05 (m, 
12H), 7.00-6.76 (m, 8H), 4.54 (m, 2H), 3.81 (m, 2H), 2.87-2.69 (m, 8H), 2.64 
(d, 3H), 2.58 (m, 1H), 2.44 (m, 1H), 2.31 (m, 1H), 1.75-1.31 (m, 8H). 

Example 6 

Synthesis of 5-amino-/V-2-ethoxybenzyl-(S)-2-(/v~-(4-methyl-1-naphtha- 
lenesulfonyl)amino)pentanamide 

Compound was synthesised according the procedure described in 
example 3 but (Z^-1 -(2-naphthyl)ethylamine was substituted with 2-ethoxy- 
benzylamine (34.1 pi, 151.21 g/mol, 1.015 g/cm 3 , 0.23 mmol, 1 eq). Step I 
gave 5-(/V-Boc-amino)-A/'-2-ethoxybenzyl-(S)-2-(/V"-Fmoc-amino)pentanamide 
with quantitative yield. After final Boc deprotection and subsequent preparative 
TLC purification, 24 mg of 5-amino-/V-2-ethoxybenzyl-(S)-2-(/V'-(4-methyl-1- 
naphthalenesulfonyl)amino)pentanamide was obtained; yield 23%. 

MS-ESI + (m/z): 470 

1 H NMR (500 MHz, CD 3 OD; 6, ppm): 8.71 (m, 1H), 8.17 (m, 1H), 
8.11 (d, 1H), 7.67 (m, 2H), 7.40 (m, 1H), 7.17 (m, 1H), 6.84 (d, 1H), 6.80-6.73 
(m, 2H), 3.98 (m, 2H), 3.89 (m, 2H), 3.80 (m, 1H), 2.85-2.72 (m, 5H), 1.70 (m, 
2H), 1.60 (m, 2H), 1.35 (t, 3H). 

Example 7 

Synthesis of 4-amino-A^cyclohexyl-(S)-2-(A/-(4-methyl-1-naphthalene- 
sulfonyl)amino)butanamide (Compound 1) 

Compound was synthesised according the procedure described in 
example 3 but in step I (fl)-1-(2-naphthyl)ethylamine was substituted with 
cyclohexylamine (26 pi, 99.18 g/mol, 0.867 g/cm 3 , 0.23 mmol, 1 eq) and Fmoc- 
Orn(Boc)-OH with Fmoc-Dbu(Boc)-OH (100.6 mg, 440.5 g/mol, 0.23 mmol, 1 
eq). Step I gave 4-(A/-Boc-amino)-A/'-cyclohexyl-(S)-2-(/V"-Fmoc-amino)butan- 
amide with quantitative yield. After final Boc deprotection and subsequent 
preparative TLC purification, 34 mg of 4-amino-A/-cyclohexyl-(S)-2-(A/'-(4-met- 
hyl-1 -naphthalenesulfonyl)amino)butanamide was obtained; overall yield 37%. 

MS-ESI + (m/z): 404 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.71 (m, 1H), 8.20 (m, 1H), 
8.14 (d, 1H), 7.72 (m, 2H), 7.46 (m, 1H), 3.81 (m, 1H), 3.04 (m, 2H), 2.94 (m, 
1H), 2.77 (d, 3H), 1.99 (m, 1H), 1.86 (m, 1H), 1.49 (m, 3H), 1.37 (m, 1H), 1.17- 
0.94 (m, 4H), 0.58 (m, 1H), 0.45 (m, 1H). 
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Example 8 

Synthesis of 4-amino-(S)-2-/V-(4-methy!-1 -naphthalenesulfonyl)amino-/V - 
(1 -naphthylmethyl)butanamide 

Step I 

5 Fmoc-Dbu(Boc)-OH (100 mg, 440.5 g/mol, 0.23 mmol, 1 eq), DIC 

(36 id, 126.20 g/mol, 0.806 g/cm 3 , 0.23 mmol, 1 eq) and HOBt (31 mg, 135.12 
g/mol, 0.23 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 3 ml). After 5 
minutes 1 -naphthylmethylamine (33 157.22 g/mol, 1.092 g/cm 3 , 0.23 mmol, 
1 eq, Fluka) was added to the reaction mixture. After overnight stirring at 50°C, 
10 solvent was evaporated and the residue was dissolved in 30 ml ethyl acetate 
and washed three times with 20 ml water. Organic phase was dried with 
Na 2 S0 4 and evaporated. Residue was purified with flash chromatography. 
78.5 mg of 4-/V-Boc-amino-(S)-2-A/-Fmoc-amino-N"-1-naphthylmethylbutan- 
amide was obtained, yield 60%. 

15 Step II 

4- A/-Boc-amino-(S)-2-/V'-Fmoc-amino-N "-1 -naphthylmethylbutan- 
amide was dissolved in 8 ml of 20 vol-% piperidine in DMF. After 45 minutes 
stirring, solvent and excess of piperidine were evaporated. Residue was used 
without purification for step III. 

20 Step III 

(S)-2-Amino-4-A/-Boc-amino-A/'-(1-naphthylmethyl)butanamide 
(50.0 mg, 357.46 g/mol, 0.14 mmol, 1 eq) was dissolved in THF (4 ml, dry) and 
both 4-methyl-1-naphthalenesulfonyl chloride (49 mg, 240.71 g/mol, 0.20 
mmol, 1.5 eq, Maybridge) in THF (4 ml, dry) was added. TEA (28 nl, 101.19 
25 g/mol, 0.73 g/cm 3 , 1 .5 eq, Baker) was then added to the solution. After 15 min- 
utes, some precipitate was observed. After overnight stirring, solvent was 
evaporated and residue purified with flash chromatography. 

Step IV 

4-/V-Boc-amino-(S)-2-/V'-(4-methyl-1-naphthalenesulfonyl)amino- 
30 A/ "-(l-naphthylmethyl)butanamide was dissolved in 25% TFA in DCM (5 ml) 
and mixture was stirred for 30 minutes. Solvent evaporation and subsequent 
RP-HPLC purification gave 26 mg of 4-Amino-(S)-2-A/-(4-methyl-1- 
naphthalenesulfonyl)amino-A/'-(1-naphthylmethyl)butanamide as a white solid, 
yield 42%. 
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MS-ESI + (m/z): 462 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.67 (m, 1H), 8.13 (m, 1H), 
8.08 (d, 1H), 7.86 (d, 1H), 7.78 (d, 1H), 7.72 (d, 1H), 7.63 (m, 2H), 7.48 (m, 
1H), 7.42 (m, 1H), 7.32 (m, 2H), 7.06 (d, 1H), 4.44 (d, 1H), 4.27 (d, 1H), 3.90 
5 (m, 1 H), 2.97 (m, 1 H), 2.87 (m, 1 H), 2.73 (s, 3H), 2.01 (m, 1 H), 1 .89 (m, 1 H). 

Example 9 

Synthesis of 4-amino- /V-2-(3-chlorophenyl)ethyl-(S)-2-( /V-(4-methyl-1 - 
naphtha lenesulf ony I )am i no)buta nam ide 

Step I 

10 Fmoc-Dbu(Boc)-OH (250.8 mg, 440.5 g/mol, 0.57 mmol, 1 eq), DIC 

(89 n\, 126.20 g/mol, 0.806 g/cm 3 , 0.57 mmol, 1 eq) and HOBt (77.6 mg, 
135.12 g/mol, 0.57 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 6 ml). 
After 5 minutes 2-(3-chlorophenyl)ethylamine (79 jxl , 155.63 g/mol, 1.119 
g/cm 3 , 0.57 mmol, 1 eq) was added to the reaction mixture. Temperature was 

15 raised to 35°C and mixture stirred overnight. Solvent was then evaporated and 
residue dissolved in DCM, which was washed twice with water and once with 
brine. Organic phase was subsequently dried with Na 2 S0 4 and evaporated. 
Residue was purified with silica column chromatography (mobile phase starting 
from DCM up to 5% MeOH in DCM). 4-(/V-Boc-amino)-/V'-2-(3-chloro- 

20 phenyl)ethyl-(S)-2-(/V''-Fmoc-amino)butanamide was obtained with quantita- 
tive yield. 

Step II 

Fmoc protection was removed by dissolving the 4-(A/-Boc-amino)- 
A/'-2-(3-chlorophenyl)ethyl-(S)-2-(A/"-Fmoc-amino)butanamide in 5 ml of 20 
25 vol-% piperidine in DMF. After 30 minutes stirring, solvent and excess of 
piperidine were evaporated. Product was used without purification for step III. 

Step III 

(^-2-Amino-4-(/V-Boc-amino)-A/'-(2-(3-chlorophenyl)ethyl)butanamide 
(0.57 mmol) was dissolved in DMF (3 ml, dry) and 4-methyl-1- 
30 naphthalenesulfonyl chloride (206 mg, 240.71 g/mol, 0.86 mmol, 1.5 eq, May- 
bridge) in THF (3 ml, dry) was added. Finally, TEA (119 nl, 101.19 g/mol, 0.73 
g/cm 3 , 0.86 mmol, 1.5 eq, Baker) was added to the solution. After 15 minutes, 
some precipitate was observed. After overnight stirring, solvent was evapo- 
rated and residue purified with silica column chromatography (mobile phase 5% 
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MeOH in DCM) to give 220 mg of 4-(A^Boc-amino)-A/'-(2-(3-chloro- 
phenyl)ethyl)-(S)-2-(A/''-(4-methyl-1-naphthalenesulfonyl)amino)butanamide, 
yield 67%. 

Step IV 

5 4-(/V-Boc-amino)-A/'-(2-(3-chlorophenyl)ethyl)-(S)-2-(A/"-(4-methyl- 
1-naphthalenesulfonyl)amino)butanamide (220 mg, 560.11 g/mol, 0.39 mmol) 
was dissolved in 25% TFA in DCM (10 ml) and mixture was stirred for 45 min- 
utes. After solvent evaporation and silica column chromatography (mobile 
phase from DCM up to 10% MeOH in DCM) 163 mg of 4-amino-/V-2-(3- 
10 chlorophenyl)ethyl-(S)-2-(A/ -(4-methyl-1-naphthalenesulfonyl)amino)butan- 
amide was obtained; yield 91%. 

MS-ESI + (m/z): 460 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.72 (m, 1H), 8.18 (m, 1H), 
8.14 (d, 1H), 7.76-7.67 (m, 2H), 7.46 (m, 1H), 7.22-7.15 (m, 2H), 7.03 (t, 1H), 
15 6.91 (m, 1 H), 3.76 (m, 1 H), 2.99-2.84 (m, 3H), 2.83-2.73 (m, 4H), 2.22 (m, 2H), 
1.89 (m, 1H), 1.79 (m, 1H). 

Example 10 

Synthesis of 5-amino-W-benzyl-(S)-2-(/V-(4-methyl-1-naphthalenesulfo- 
nyl)amino)pentanamide 

20 Step I 

Fmoc-Orn(Boc)-OH (250.9 mg, 454.5 g/mol, 0.55 mmol, 1 eq), DIC 
(86 126.20 g/mol, 0.806 g/cm 3 , 0.55 mmol, 1 eq) and HOBt (74.2 mg, 
135.12 g/mol, 0.55 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 6 ml). 
After 5 minutes benzylamine (60 |il , 107.16 g/mol, 0.981 g/cm 3 , 0.55 mmol, 1 eq) 

25 was added to the reaction mixture. Temperature was raised to 35°C and mix- 
ture stirred overnight. Solvent was then evaporated and residue dissolved in 
DCM, which was washed twice with water and once with brine. Organic phase 
was subsequently dried (Na 2 S0 4 ) and evaporated. Residue was purified with 
silica column chromatography (mobile phase from DCM up to 10% MeOH in 

30 DCM). A/-Benzyl-5-A/'-Boc-amino-(S)-2-(A/'-Fmoc-amino)pentanamide was 
obtained with quantitative yield. 

Step II 

Fmoc protection was removed by dissolving the /V-benzyl-5-/v"-Boc- 
amino-(S)-2-(/V"-Fmoc-amino)pentanamide in 5 ml 20 vol-% piperidine in 
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DMF. After 1.5 hours stirring, solvent and excess of piperidine were evapo- 
rated. Product was used without purification for step III. 

Step III 

(S)-2-Amino-/V-benzyl-5-(/V-Boc-amino)pentanamide (0.55 mmol) 
5 was dissolved in DMF (2.5 ml, dry) and 4-methyl-1-naphthalenesulfonyl chlo- 
ride (200 mg, 240.71 g/mol, 0.83 mmol, 1.5 eq, Maybridge) in THF (2.5 ml, dry) 
was added. Finally, TEA (115 101.19 g/mol, 0.73 g/cm 3 , 0.83 mmol, 1.5 eq, 
Baker) was added to the solution. After 15 minutes, some precipitate was ob- 
served. After overnight stirring, solvent was evaporated and residue purified 
10 with silica column chromatography (mobile phase 10% MeOH in DCM) to give 
A/-benzyl-5-(/V-Boc-amino)-(S)-2-(A/"-(4-methyl-1-naphthalenesulfonyl)amino)- 
pentanamide with quantitative yield. 

Step IV 

A/-Benzyl-5-(A/-Boc-amino)-(S)-2-(yV"-(4-methyl-1-naphthalenesul- 
15 fonyl)amino)pentanamide (289 mg, 525.67 g/mol, 0.55 mmol) was dissolved in 
25% TFA in DCM (10 ml) and mixture was stirred for 1 hour. After solvent 
evaporation and RP-HPLC purification, 96.6 mg of 5-amino-/V-benzyl-(S)-2-(Af- 
(4-methyl-1-naphthalenesulfonyl)amino)pentanamide was obtained; yield 41%. 

MS-ESI + (m/z): 426 

20 1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.81 (m, 1H), 8.27 (m, 1H), 

8.19 (d, 1H), 7.77 (m, 2H), 7.49 (d, 1H), 7.28 (m, 3H), 6.99 (m, 2H), 3.94 (d, 
2H), 3.87 (m, 1H), 2.91 (m, 2H), 2.85 (s, 3H), 1.80 (m, 2H), 1.71 (m, 2H). 

Example 11 

Synthesis of 4-amino-/V-(S)-1-carbamoyl-2-phenylethyl-(S)-2-(Ar-(4- 
25 methyl-1-naphthalenesulfonyl)amino)butanamide (Compound 2) 

Step I 

H-Phe-NH 2 hydrochloride (114.2 mg, 200.7 g/mol, 0.57 mmol, 1 eq, 
Advanced ChemTech) was dissolved in 2 ml of dry DMF/DCM (1/1) and TEA 
(95 pi, 101.19 g/mol, 0.73 g/cm 3 , 0.68 mmol, 1.2 eq) was added. After 30 mi- 
30 nutes, a DMF/DCM (1/1, 4 ml) solution containing Fmoc-Dbu(Boc)-OH 
(250.2 mg, 440.5 g/mol, 0.57 mmol, 1 eq), DIC (89 pi, 126.20 g/mol, 0.805 
g/cm 3 , 0.57 mmol, 1 eq) and HOBt (77.6 mg, 135.12 g/mol, 0.57 mmol, 1eq) 
was added. After overnight stirring, solvent was evaporated and DCM (30 ml) 
was added. Organic phase was washed three times with water (10 ml) and 
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once with brine (10 ml). Part of the product precipitated from the water phase 
and after filtration it was combined with the evaporated organic phase. 333 mg 
of 4-(/V-Boc-amino)-A/'-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/"-Fmoc-ami- 
no)butanamide was obtained as a white powder with quantitative yield. 

5 Step II 

Fmoc protection was removed by treating the 4-(A/-Boc-amino)-A/'- 
((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(N"-Fmoc-amino)butanamide with 4.5 ml 
of 20 vol-% piperidine in DMF for 45 minutes. Solvent was then evaporated to 
give (S)-2-amino- 4-(/V-Boc-amino)-/V'-((S)-1 -carbamoyl-2-phenylethyl)butan- 
10 amide as a white solid. 

Step III 

Residue from step II was dissolved in 9 ml of dry THF/DMF (1/1) so- 
lution and 4-methyl-1-naphthalenesulfonylchloride (205.3 mg, 240.71 g/mol, 
0.85 mmol, 1.5 eq, Maybridge) and finally TEA (120 jal, 101.19 g/mol, 0.73 

15 g/cm 3 , 0.85 mmol, 1 .5 eq, Baker) were added. After overnight reaction, solvent 
was evaporated and the residue purified with silica column chromatography 
(mobile phase from 5% MeOH in DCM up to 20% MeOH in DCM). 238 mg of 
4-(A/-Boc-amino)-A/'-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/"-(4-methyl-1- 
naphthalenesulfonyl)amino)butanamide as a white powder was obtained; yield 

20 75%. 

Step IV 

Boc protection was remove by dissolving the product from step III in 
2.5 ml of 25 vol-% TFA in DCM and stirring for 1 h. Solvent was then evapo- 
rated and residue purified with RP-HPLC to give 52.5 mg of 4-amino-/V-(S)-1 - 
25 carbamoyl-2-phenylethyl-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)amino)- 
butanamide; yield 26.8%. 

MS-ESI + (m/z): 469 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.69 (m, 1H), 8.16 (m, 1H), 
8.07 (m, 1H), 7.69 (m, 2H), 7.39 (d, 1H), 7.25-7.16 (m, 3H), 7.06 (m, 2H), 4.21 
30 (t, 1 H), 3.84 (m, 1 H), 2.84-2.69 (m, 6H), 2.49 (m, 1 H), 1 .94-1 .74 (m, 2H). 
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Example 12 

Synthesis of 4-amino-/V-benzyl-(S)-2-(/\T-(4-methyl-1-naphthalenesulfo- 
nyl)amino)butanamide 

Step I 

5 Fmoc-Dbu(Boc)-OH (1.00 g, 440.5 g/mol, 2.27 mmol, 1 eq), DIC 

(355 jliI, 126.20 g/mol, 0.806 g/cm 3 , 2.27 mmol, 1 eq) and HOBt (308.2 mg, 
135.12 g/mol, 2.27 mmol, 1 eq) were dissolved in dry DMF/DCM (1/1, 10 ml). 
After 5 minutes, benzylamine (248 \x\, 107.16 g/mol, 2.27 mmol, 1 eq, Acros) 
was added to the reaction mixture and temperature raised to 35°C. After over- 

10 night stirring, solvent was evaporated and residue dissolved in DCM and 
washed twice with water and once with brine. Organic phase was dried with 
Na 2 S0 4 and solvent evaporated. Residue was purified with silica column 
chromatography (mobile phase from DCM up to 5% MeOH in DCM). /V-Benzyl- 
4-(A/'-Boc-amino)-(S)-2-(A/"-Fmoc-amino)butanamide was obtained with quan- 

15 titative yield. 

Step II 

Fmoc protection was removed by dissolving the /V-benzyl-4-(AT- 
Boc-amino)-(S)-2-(A/"-Fmoc-amino)butanamide (1.12 g, 529.64 g/mol, 2.1 
mmol, 1 eq) in 10 ml 20 vol-% piperidine in DMF. After 1.5 hours stirring, sol- 
20 vent and excess of piperidine were evaporated. Product was used without puri- 
fication for step III. 

Step III 

(S)-2-Amino-A/-benzyl-4-(A/'-Boc-amino)butanamide (2.1 mmol) was 
dissolved in THF (7 ml, dry) and 4-methyl-1 -naphthalenesulfonyl chloride (761 

25 mg, 240.71 g/mol, 3.15 mmol, 1.5 eq, Maybridge) was added. Finally, TEA 
(440 (xi, 101.19 g/mol, 0.73 g/cm 3 , 3.15 mmol, 1.5 eq, Baker) was added to the 
solution. After 15 minutes, some precipitate was observed. After overnight stir- 
ring, solvent was evaporated and residue purified with silica column chroma- 
tography (mobile phase 5% MeOH in DCM) to give 860 mg of /V-benzyl-4-(/V- 

30 Boc-amino)-(S)-2-((4-methyl-1-naphthalene)amino)butanamide; yield 80%. 

Step IV 

A/-Benzyl-4-(A/'-Boc-amino)-(S)-2-((4-methyl-1-naphthalene)amino)- 
butanamide (850 mg, 51 1.64 g/mol, 1.66 mmol) was dissolved in 25% TFA in 
DCM (10 ml) and mixture was stirred for 1 hour. After solvent evaporation and 
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silica column chromatography 4-amino-/V-benzyl-(S)-2-(A/'-(4-methyl-1- 
naphthalenesulfonyl)amino)butanamide was obtained with quantitative yield. 
MS-ESI + (m/z): 412 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.69 (m, 1H), 8.16 (m, 1H), 
8.10 (d, 1H), 7.66 (m, 2H), 7.39 (d, 1H), 7.17 (m, 3H), 6.88 (m, 2H), 3.88 (d, 
2H), 3.84 (m, 1H), 2.91 (m, 1H), 2.82 (m, 1H), 2.74 (s, 3H), 1.96 (m, 1 H), 1.83 
(m, 1H). 

Example 13 

Synthesis of yV-benzyl-4-(Ar,Ar-dicyclopropyl)amino-(S)-2-(AT'-(4-methyl- 
1-naphthalenesulfonyl)amino)butanamide 

Step I 

4-Amino-N-benzyl-(S)-2-(/V'-(4-methyl-1-naphthalenesulfonyl)amino)- 
butanamide (45.9 mg, 411.52 g/mol, 0.11 mmol) prepared in example 12 was 
dissolved in dry MeOH and acetic acid (32 60.05 g/mol, 1 .05 g/cm 3 , 0.55 
mmol, 5 eq, Acros) and molecular sieves (3 A) were added. Finally, (1- 
ethoxycyclopropoxy)trimethylsilane (66 nl, 173.42 g/mol, 0.867 g/cm 3 , 0.33 
mmol, 3 eq, Acros) and sodium cyanoborohydride (18 mg, 62.84 g/mol, 0.28 
mmol, 2.5 eq, Acros) were added. Mixture was refluxed overnight, molecular 
sieves filtered and the filtrate evaporated. Residue was dissolved in ethyl ace- 
tate and washed with saturated NaHC0 3 and water. Organic phase was then 
dried with Na 2 S04 and evaporated. Residue was purified with preparative TLC 
(10% MeOH in DCM as mobile phase) and 7 mg of A^-benzyl-4-(/V',A/'- 
dicyclopropyl)amino-(S)-2-(A/"-(4-methyl-1-naphthalenesulfonyl)amino)butan- 
amide was obtained; yield 13%. 

MS-ESI + (m/z): 492 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.75 (m, 1H), 8.18 (m, 1H), 
8.13 (d, 1H), 7.69 (m, 2H), 7.43 (m, 1H), 7.28-7.18 (m, 3H), 7.10 (m, 2H), 4.07 
(d, 2H), 3.70 (m, 1H), 2.76 (d, 3H), 2.40 (m, 1H), 2.30 (m, 1H), 1.90 (m, 1H), 
1.73 (m, 1H), 1.55 (m, 2H), 0.30-0.13 (m, 8H). 

Example 14 

Synthesis of /V-benzyl-4-(AT-isopropyl)amino-(S)-2-(Ar-(4-methyl-1- 
naphthalenesulfonyl)amino)butanamide (Compound 3) 

4-Amino-A^benzyl-(^-2-(/V'-(4-methyl-1-naphthalenesulfonyl)amino)- 
butanamide (50.0 mg, 411.52 g/mol, 0.12 mmol) prepared in example 12 was 
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dissolved in TMOF and acetone (8.8 y\, 58.08 g/mol, 0.79 g/cm 3 , 0.12 mmol, 1 
eq, Prolabo), acetic acid (10.3 pi, 60.05 g/mol, 1.05 g/cm 3 , 0.18 mmol, 1.5 eq, 
Acros) and finally sodium triacetoxyborohydride (39 mg, 211.94 g/mol, 0.18 
mmol, 1.5 eq, Acros) were added. Mixture was stirred for 2 hours and addi- 
5 tional 0.5 eq of acetone was added. After overnight stirring, solvent was evapo- 
rated. The residue was dissolved in ethyl acetate and washed with water. After 
drying with Na 2 S0 4 , the organic phase was evaporated. Product was purified 
with preparative TLC (10% MeOH in DCM as mobile phase) and 18 mg of A/- 
benzyl-4-(A/'-isopropyl)amino-(S)-2-(A/ "-(4-methyl-1-naphthalenesulfonyl)ami- 
10 no)butanamide was obtained, yield 33%. 
MS-ESI + (m/z): 454 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.72 (m, 1H), 8.20 (m, 1H), 
8.14 (d, 1H), 7.70 (m, 2H), 7.44 (m, 1H), 7.24-7.19 (m, 3H), 6.97 (m, 2H), 4.00 
(m, 2H), 3.87 (m, 1H), 3.11 (m, 1H), 2.83 (m, 1H), 2.77 (s, 3H), 2.73 (m, 1H), 
15 1 .98 (m, 1 H), 1 .85 (m, 1 H), 1 .16 (m, 6H). 

Example 15 

Synthesis of /^benzyl-4-guanidino-(S)-2-(/v~-(4-methyl-1-naphthalene- 
sulfonyl)amino)butanamide (Compound 4) 

Step I 

20 4-Amino-A/-benzyl-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)amino)- 
butanamide (123 mg, 451.59g/mol , 0.27 mmol, 1 eq) prepared in example 12 
was dissolved in 4 ml of dry DCM under argon and TEA (190 jil, 101 .19 g/mol, 
0.73 g/cm 3 , 0.82 mmol, 3 eq, Baker) was added to the solution. N,N'-B\s(tert- 
butoxycarbonyl)-/V"-triflylguanidine (273 mg, 391 .4 g/mol, 0.41 mmol, 1 .5 eq) 

25 was dissolved in DCM (1 ml) and added dropwise to the reaction mixture. After 
18 h stirring, solvent was evaporated and purified with silica column chroma- 
tography (mobile phase from DCM up to 2.5% MeOH in DCM) to give 250 mg 
of A/-benzyl-4-(A/',A/"-diBoc-guanidino)-(S)-2-(A/"'-(4-methyl-1-naphthalenesul- 
fonyl)amino)butanamide, yield 83%. 

30 Step II 

Boc protections were removed by dissolving the product after step I 
in 25 vol-% TFA in DCM (10 ml) and the mixture was stirred for 1 hour. Subse- 
quent solvent evaporation and flash chromatographic purification gave 172 mg 
of A/-benzyl-4-guanidino-(S)-2-(A/'-(4-methyl-1-naphthalenesulfonyl)amino)- 
35 butanamide with quantitative yield. 
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MS-ESI + (m/z): 454 

1 H NMR (500 MHz, CD 3 OD; 6, ppm): 8.73-8.71 (m, 1H), 8.20-8.18 
(m, 1H), 8.13-8.11 (m, 1H), 7.76-7.71 (m, 2H), 7.41-7.39 (m, 1H), 7.22-7.20 
(m, 3H), 6.93-6.70 (m, 2H), 4.00-3.95 (m, 2H), 3.85-3.82 (m, 1H), 3.19-3.07 
5 (m, 2H), 2.76 (s, 3H), 1 .93-1 .87 (m, 1 H) 1 .77-1 .70 (m, 1 H). 

Example 16 

Synthesis of 5-/V-methylamino-(S)-2-(AT-(1-naphthalenesulfonyl)amino)- 
Af'-phenylpentanamide 

Step I 

10 Boc-Om(2-CI-Z)-OH (1 .0 g, 400.86 g/mol, 2.5 mmol, 1 eq), DIC (390 

lil, 126.20 g/mol, 0.806 g/cm 3 , 2.5 mmol, 1 eq) and HOBt (339.7 mg, 135.12 
g/mol, 2.5 mmol, 1 eq) were dissolved in dry DMF (5 ml). After 5 minutes, ani- 
line (228 |il, 93.13 g/mol, 1.022 g/cm 3 , 2.5 mmol, 1 eq) in dry DCM (5 ml) was 
added. Temperature was raised to 35°C and solution stirred overnight. Solu- 

15 tion was then evaporated, DCM added and solution washed twice with water 
and once with brine. Organic phase was dried with Na 2 S0 4 and evaporated. 
Subsequent silica column chromatography (2% MeOH in DCM as mobile 
phase) gave 1.12 g of 5-/v^(2-CI-Z)amino-(S)-2-(/V'-Boc-amino)-/V "-phenyl- 
pentanamide, yield 94%. 

20 Step II 

2-CI-Z protection was removed by dissolving the product from step I 
in MeOH (60 ml) and 10% Pd/C (200 mg) was added. Reaction vessel was 
flushed thrice with argon before introduction of hydrogen (atmospheric pres- 
sure). Mixture was stirred for 4 h, catalyst filtered and finally filtrate evaporated. 
25 5-Amino-(S)-2-(/V-Boc-amino)-/V'-phenylpentanamide was used without purifi- 
cation for step III. 

Step III 

5-Amino-(S)-2-(A/-Boc-amino)-/V'-phenylpentanamide (720 mg, 
307.39 g/mol, 2.34 mmol, 1 eq) was dissolved in dry DMF (5 ml), TEA (324 
30 101.19 g/mol, 0.73 g/cm 3 , 2.34 mmol, 1 eq, Baker) added and the mixture 
cooled in an ice bath. 2-Nitrobenzenesulfonyl chloride (520.7 mg, 221.62 
g/mol, 2.34 mmol, 1 eq) in dry DCM (1 ml) was added, ice bath removed and 
solution stirred overnight. Solvent was then evaporated, DCM added and solu- 
tion washed twice with saturated NaHCOs and once with water. Organic phase 
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was dried (Na 2 S0 4 ), evaporated and finally the residue was purified with silica 
column chromatography (mobile phase 2.5% MeOH in DCM). 440 mg of (S)-2- 
(A/-Boc-amino)-5-A/'-(2-nitrobenzenesulfonyl)amino)-A/"-phenylpentanamide 
was obtained, yield 38%. 

5 Step IV 

(S)-2-(A/-Boc-amino)-5-A/'-(2-nitrobenzenesulfonyl)amino)-A/"-phenyl- 
pentanamide (200.8 mg, 492.55 g/mol, 0.41 mmol, 1 eq) was dissolved in dry 
DMF (0.5 ml) and DBU (61 152.24 g/mol, 1.018 g/cm 3 , 0.41 mmol, 1 eq, 
Acros) was added. Solution was then cooled in an ice bath and methyl iodide 

10 (25 yd, 141.94 g/mol, 2.28 g/cm 3 , 0.41 mmol, 1 eq) added dropwise. Cooling 
was removed and mixture stirred overnight. Additional 0.5 eq of methyl iodide 
and DBU was added and after 2 hours yet another 0.5 eq of methyl iodide and 
DBU. After 2 hours, solvent was evaporated, DCM added and solution washed 
twice with saturated NaHC03 and once with water. Organic phase was dried 

15 (Na 2 S0 4 ) and evaporated. After preparative TLC purification 135 mg of (S)-2- 
(A/-Boc-amino)-5-(A/'-2-nitrobenzenesulfonyl-A/'-methylamino)-/V"-phenylpen- 
tanamide was obtained, yield 65%. 

Step V 

Boc protection was removed by dissolving the product after step IV 
20 in 3 ml of 25 vol-% TFA in DCM and stirring the solution for 45 minutes. Sol- 
vent was then evaporated and product used without purification for step VI. 

Step VI 

(^-2-Amino-5-(A^2-nitrobenzenesulfonyl-AA-methylamino)-A/'-phenyl- 
pentanamide (100 mg, 406.46 g/mol, 0.25 mmol, 1 eq) was dissolved in dry 

25 THF (3 ml), 1 -naphthalenesulfonyl chloride (67.4 mg, 226.68 g/mol, 0.30 mml, 
1.2 eq) and finally TEA (87 pi, 101.19 g/mol, 0.73 g/cm 3 , 0.63 mmol, 2.5 eq, 
Baker) were added. After overnight stirring, 0.2 eq of 1 -naphthalenesulfonyl 
chloride and 1 eq of TEA were added and reaction temperature raised to 
50 °C. After additional 1 .5 hours, solvent was evaporated and residue purified 

30 with silica column chromatography (mobile phase 2% MeOH in DCM). 1 38 mg 
of (S)-2-(AA1-naphthalenesulfonylamino)-5-(/V'-2-nitrobenzenesulfonyl-/V-methyl- 
amino)- N "-phenylpentanamide was obtained, yield 93%. 

Step VII 

(S)-2-(A/-1-Naphthalenesulfonylamino)-5-(/V-2-nitrobenzenesulfonyl- 
35 A/'-methylamino)- N "-phenylpentanamide (67 mg, 596.69 g/mol, 0.11 mmol, 
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1 eq) was dissolved in dry DMF (0.5 ml) and a solution containing thiophenol 
(115 nl, 110.18 g/mol, 1.078 g/cm 3 , 1.1 mmol, 10 eq), K 2 C0 3 (40.4 mg, 138.21 
g/mol, 0.28 mmol, 2.5 eq, Baker) and water (200 was added. Finally, TEA 
(155 jil, 101.19 g/mol, 0.73 g/cm 3 , 1.1 mmol, 10 eq, Baker) was added and 
5 temperature raised to 50 °C. After 1 .5 hours, solvent was evaporated, DCM 
added and solution washed twice with water and once with brine. Organic 
phase was dried (Na 2 S0 4 ) and evaporated. Flash chromatography gave 18.4 
mg of 5-/V-methylamino-(S)-2-A/'-(1 -naphthalenesulfonyl)amino-Af'-phenyl- 
pentanamide; yield 41%. 
10 MS-ESI + (m/z):412 

1 H NMR (500 MHz, CD 3 OD; 6, ppm): 8.78 (m, 1H), 8.22 (m, 1H), 
7.98 (d, 1H), 7.90 (d, 1H), 7.68 (m, 1H), 7.57 (m, 1H), 7.46 (m, 1H), 7.13 (m, 
2H), 7.03-6.96 (m, 3H), 3.82 (m, 1H), 2.42 (m, 2H), 2.28 (s, 3H), 1.64 (m, 2H), 
1.52 (m, 1H), 1.40 (m, 1H). 

15 Example 17 

Synthesis of /v-((S)-1 -carbamoyl-2-phenylethyl)-5-guanidino-(S)-2-( Af-(4- 
methyl-1-naphthalenesulfonyl)amino)pentanamide (Compound 5) 

Step I 

Rink amide resin (1 g, 0.7 mmol/g, 0.7 mmol) was washed twice 
20 with DMF prior use. Washed resin was dissolved in 12.5 ml of 20 vol-% 
piperidine in DMF and mixture was agitated for 35 minutes. Resin was then 
washed thrice with DMF, thrice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

Step II 

25 Fmoc-Phe-OH (813.6 mg, 387.44 g/mol, 2.1 mmol, 3 eq) and DIC 

(328.8 yil, 126.20 g/mol, 0.806 g/cm 3 , 2.1 mmol, 3 eq) were dissolved in dry 
DMF (12.5 ml) and after 10 minutes mixed with the resin. After 18 hours agita- 
tion, solvent was filtered out and fresh solution with half of the original amounts 
of Fmoc-Phe-OH and DIC in dry DMF was introduced. After additional 5.5 

30 hours, solvent was again filtered out and resin washed thrice with DMF, thrice 
with MeOH, thrice with DCM and thrice with THF. 

Step III 

Possibly unreacted amino groups of the resin were acetylated with a 
solution consisting of acetic anhydride (1 ml, 102.09 g/mol, 1.087 g/cm 3 , 
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10.6 mmol) and DIPEA (250 129.25 g/mol, 0.755 g/cm 3 , 1.46 mmol) in dry 
DMF (12 ml) for 45 minutes. Resin was then filtered and washed thrice with 
DMF, thrice with MeOH, twice with DCM and twice with THF. 

Step IV 

5 Fmoc protection of the attached phenylalanine was removed ac- 

cording to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 

Step V 

Fmoc-Arg(Pmc)-OH (928.0 mg, 662.8 g/mol, 1.4 mmol, 2 eq) was 
10 coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II. 

Step VI 

Possibly unreacted amino groups of phenylalanine were acetylated 
using the procedure described in step III. 

15 Step VII 

Fmoc protection of the arginine attached in step V was removed ac- 
cording to procedure described in step I but again without any washes prior 
treatment with piperidine/DMF. 

Step VIII 

20 4-Methyl-1 -naphthalenesulfonyl chloride (337.0 mg, 240.71 g/mol, 

1.4 mmol, 2 eq, Maybridge) was dissolved in dry THF (12.5 ml) and mixed with 
the resin. TEA (194.1 nl, 101.19 g/mol, 0.73 g/cm 3 , 1.4 mmol, 2 eq, Baker) was 
then added to the mixture. After overnight agitation, solvent was filtered and 
resin washed thrice with THF, thrice with MeOH, thrice with DMF, once with 

25 MeOH and finally thrice with DCM. 

Step IX 

Resin bound product was cleaved and Pmc protection removed by 
treating the resin with 50 vol-% TFA in DCM (12.5 ml) for 1 hour. Resulting red 
solution was collected and evaporated. 116.5 mg of /V-((S)-1-carbamoyl-2- 
30 phenylethyl)-5-guanidino-(S)-2-(A/'-(4-methylnaphthalene-1-sulfonyl)amino)- 
pentanamide as a dark oil was obtained. Product was purified using flash 
chromatography to give 50.8 mg of A/-((S)-1-carbamoyl-2-phenylethyl)-5- 
guanidino-(S)-2-(A/'-(4-methyl-l-naphthalenesulfonyl)amino)pentanamide as 
white solid, overall yield 14%. 
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MS-ESI + (m/z): 525 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.79 (m, 1H), 8.23 (m, 1H), 
8.14 (d, 1H), 7.76 (m, 2H), 7.47 (m, 1H), 7.33-7.18 (m, 5H), 4.39 (m, 1H), 3.62 
(m, 1H), 3.03 (m, 1H), 2.94-2.78 (m, 5H), 2.68 (m, 1H), 1.50 (m, 2H), 1.35 (m, 
5 1H), 1.21 (m, 1H). 

Example 18 

Synthesis of 5-amino-/V-((S)-1-carbamoylmethyl-2-(1-naphthyl)ethyl)-(S)- 
2-(/v"-(4-methyl-1-benzenesulfonyl)amino)pentanamide 

Step I 

10 Rink amide resin (200.2 mg, 0.7 mmol/g, 0.14 mmol) was washed 

twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

15 Step II 

Fmoc-(S)-3-amino-4-(naphthyl)butyric acid (124 mg, 451.52 g/mol, 
0.28 mmol, 2 eq, PepTech) and DIC (44 jil, 126.20 g/mol, 0.806 g/cm 3 , 0.28 
mmol, 2 eq) were dissolved in dry DMF and after 5 minutes mixed with the 
resin. After 6 hours, solvent was filtered out and fresh solution with same 
20 amounts of Fmoc-(S)-3-amino-4-(naphthyl)butyric acid and DIC in dry DMF 
were introduced. After additional 6 hours, solvent was again filtered out and 
resin washed twice with DMF, twice with MeOH, once with DCM and once with 
THF. 

Step III 

25 Possibly unreacted amino groups were acetylated by treating the 

resin with a solution consisting of acetic anhydride (100 jil, 102.09 g/mol, 1.087 
g/cm 3 , 1.06 mmol) and DIPEA (17 nl, 129.25 g/mol, 0.755 g/cm 3 , 0.1 mmol) in 
dry DMF (2.1 ml) for 30 minutes. Resin was then filtered and washed twice 
with DMF, twice with MeOH, once with DCM and once with THF. 

30 Step IV 

Fmoc protection of the attached Fmoc-(S)-3-amino-4-(naphthyl)- 
butyric acid was removed according to procedure described in step I but with- 
out any washes prior treatment with piperidine/DMF. 
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Step V 

Fmoc-Orn(Boc)-OH (197.5 mg, 454.5 g/mol, 0.44 mmol, 3 eq) was 
coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II. 

5 Step VI 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III. 

Step VII 

Fmoc protection of the ornithine attached in step V was removed 
10 according to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 

Step VIII 

4-Toluenesulfonyl chloride (80 mg, 190.65 g/mol, 0.42 mmol, 3 eq) 
was dissolved in dry THF (2.5 ml), mixed with the resin and TEA (58 (il, 101 .19 
15 g/mol, 0.73 g/cm 3 , 0.42 mmol, 3 eq, Baker) was added to the mixture. After 
overnight agitation, solvent was filtered and resin washed thrice with THF, 
twice with MeOH, twice with DMF, once with MeOH and finally thrice with 
DCM. 

Step IX 

20 Resin bound product was cleaved and Boc protection removed by 

treating the resin with 25 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. Residue was purified with 
RP-HPLC to give 12 mg of 5-amino-A/-((S)-1-carbamoylmethyl-2-(1- 
naphthyl)ethyl)-(S)-2-(A/'-(4-methyl-1-benzenesulfonyl)amino)pentanamide as 

25 white solid, overall yield 17%. 

MS-ESI + (m/z): 497 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.15-8.07 (m, 1H), 7.90-7.86 
(m, 1H), 7.77-7.76 (m, 1H), 7.71-7.69 (m, 1H), 7.55-7.48 (m, 2H), 7.40-7.37 
(m, 1H), 7.29-7.21 (m, 3H), 4.37-4.31 (m, 1H), 3.79-3.77 (m, 1H), 3.35-3.34 
30 (m, 2H), 2.97-2.80 (m, 4H), 2.28-2.19 (m, 1H), 2.15 (m, 3H), 1.69-1.54 (m, 3H). 
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Example 19 

Synthesis of A/-((S)-1 -carbamoyl-2-phenylethyl)-6-guanidino-(S)-3-(/V-(1 - 
naphthalenesulfonyl)amino)hexanamide 

Step I 

5 Rink amide resin (208.6 mg, 0.7 mmol/g, 0.15 mmol) was washed 

twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

10 Step II 

Fmoc-Phe-OH (114.9 mg, 387.44 g/mol, 0.30 mmol, 2 eq) was cou- 
pled to the resin using the same procedure and coupling agent as described in 
step II of example 18. 

Step III 

15 Possibly unreacted amino groups were acetylated using the proce- 

dure described in step III in example 18. 

Step IV 

Fmoc protection of the attached phenylalanine was removed ac- 
cording to procedure described in step I but without any washes prior treat- 
20 ment with piperidine/DMF. 

Step V 

/V-Fmoc-L-beta-homo-arginine(Pbf)-OH (281.0 mg, 662.8 g/mol, 
0.42 mmol, 3 eq) was coupled to resin bound compound using the same cou- 
pling agent and procedure as described in step II in example 18. 

25 Step VI 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III in example 18. 

Step VII 

Fmoc protection of the attached beta-homo-arginine was removed 
30 according to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 
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StepVIII 

1-Naphthalenesulfonyl chloride (78.5 mg, 226.7 g/mol, 0.34 mmol, 
2.5 eq, Acros) was introduced according to the procedure described in step 
VIII of example 18. 

5 Step IX 

Resin bound product was cleaved and Pbf protection removed by 
treating the resin with 40 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. Residue was purified with RP- 
HPLC to give 14.9 mg of A/-((S)-1-carbamoyl-2-phenylethyl)-6-guanidino-(S)-3- 
10 (A/'-(l -naphthalenesulfonyl)amino)hexanamide as white solid, overall yield 1 9%. 

MS-ESI + (m/z): 525 

1 H NMR (500 MHz, CD 3 OD; 6, ppm): 8.65-8.63 (m, 1H), 8.25-8.23 
(m, 1H), 8.15-8.13 (m, 1H), 7.93-7.92 (m, 1H), 7.69-7.56 (m, 3H), 7.24-7.14 
(m, 5H), 4.53-4.48 (m, 1H), 3.45-3.41 (m, 1H), 3.12-3.08 (m, 1H), 2.78-2.67 
15 (m, 3H), 2.19-2.15 (m, 1H), 2.03-1.98 (m, 1H), 1.26-0.95 (m, 4H). 

Example 20 

Synthesis of 6-amino-(S)-2-(yV-benzenesulfonylamino)-/V -((S)-1-carba- 
moyl-2-(1 H-indol-3-yl)ethyl)hexanamide 

Step I 

20 Rink amide resin (205.8 mg, 0.7 mmol/g, 0.14 mmol) was washed 

twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

25 Step II 

Fmoc-Trp(Boc)-OH (161.4 mg, 526.6 g/mol, 0.31 mmol, 2 eq) was 
coupled to the resin using the same procedure and coupling agent as de- 
scribed in step II of example 18. 

Step III 

30 Possibly unreacted amino groups were acetylated using the proce- 

dure described in step III of example 18. 
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Step IV 

Fmoc protection of the attached tryptophan was removed according 
to procedure described in step I but without any washes prior treatment with 
piperidine/DMF. 

5 Step V 

Fmoc-Lys(Boc)-OH (205.8 mg, 468.54 g/mol, 0.44 mmol, 3 eq) was 
coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II of example 18. 

Step VI 

10 Possibly unreacted amino groups were acetylated using the proce- 

dure described in step III. 

Step VII 

Fmoc protection of the attached lysine was removed according to 
procedure described in step I but without any washes prior to treatment with 
15 piperidine/DMF. 

StepVIII 

Benzenesulfonyl chloride (76.3 mg, 176.6 g/mol, 0.43 mmol, 3 eq) 
was introduced according to the procedure described in step VIII of example 
18. 

20 Step IX 

Resin bound product was cleaved and Boc protection removed by 
treating the resin with 20 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. Residue was purified with RP- 
HPLC to give 17.2 mg of 6-amino-(S)-2-(A/-benzenesulfonylamino)-A/ -((S)-1- 
25 carbamoyl-2-(1 H-indol-3-yl)ethyl)hexanamide as white solid; overall yield 25%. 

MS-ESI + (m/z): 472 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 7.74-7.72 (m, 2H), 7.61-7.59 
(m, 1H), 7.49-7.46 (m, 1H), 7.37-7.34 (m, 3H), 7.14-7.10 (m, 2H), 7.06-7.03 
(m, 1H), 4.45-4.43 (m, 1H), 3.67-3.64 (m, 1H), 3.35 (s, 2H), 3.24-3.20 (m, 1H), 
30 3.02-2.97 (m, 1 H), 2.74-2.70 (m, 2H), 1 .54-1 .42 (m, 4H), 1 .21 -1 .09 (m, 2H). 
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Example 21 

Synthesis of 5-amino-(S)-2-(A^benzenesulfonylamino)-A/'-((S)-1-carba- 
moyl-2-phenylethyl)pentanamide 

Step I 

5 Rink amide resin (219.3 mg, 0.7 mmol/g, 0.15 mmol) was washed 

twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

10 Step II 

Fmoc-Phe-OH (119.3 mg, 387.44 g/mol, 0.30 mmol, 2 eq) was cou- 
pled to the resin using the same procedure and coupling agent as described in 
step II of example 18. 

Step III 

15 Possibly unreacted amino groups were acetylated using the proce- 

dure described in step III in example 18. 

Step IV 

Fmoc protection of the attached phenylalanine was removed ac- 
cording to procedure described in step I but without any washes prior treat- 
20 ment with piperidine/DMF. 

Step V 

Fmoc-Orn(Boc)-OH (140.2 mg, 454.5 g/mol, 0.31 mmol, 2 eq) was 
coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II of example 18. 

25 Step VI 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III. 

Step VII 

Fmoc protection of the attached ornithine was removed according to 
30 procedure described in step I but without any washes prior to treatment with 
piperidine/DMF. 
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StepVIII 

Benzenesulfonyl chloride (81.3 mg, 176.62 g/mol, 0.46 mmol, 3 eq) 
was introduced according to the procedure described in step VIII of example 18. 

Step IX 

5 Resin bound product was cleaved and Boc protection removed by 

treating the resin with 20 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. Residue was purified with RP- 
HPLC to give 16.1 mg of 5-amino-(S)-2-(/V-benzenesulfonylamino)-A/ -((S)-1- 
carbamoyl-2-phenylethyl)pentanamide as white solid, overall yield 25%. 
10 MS-ESI + (m/z): 419 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 7.77 (m, 2H), 7.58 (m, 1H), 
7.47-7.44 (m, 2H), 7.30-7.18 (m, 5H), 4.31 (m, 1H), 3.76(m, 1H), 2.98 1H), 
2.81-2.48 (m, 2H), 2.75 (m, 1H), 1.66-1.51 (m, 4H). 

Example 22 

15 Synthesis of 6-amino-A/-((S)-1-carbamoyl-2-(1-naphthyl)ethyl)-(S)-2-(/\r-(1- 
naphthalenesulfonyl)amino)hexanamide 

Step I 

Rink amide resin (218.3 mg, 0.7 mmol/g, 0.15 mmol) was washed 
twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
20 piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

Step II 

Fmoc-1-Naphthylalanine (134.4 mg, 437.49 g/mol, 0.31 mmol, 2 eq, 
25 PepTech) was coupled to the resin using the same procedure and coupling 
agent as described in step II of example 18. 

Step III 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III in example 18. 

30 Step IV 

Fmoc protection of the attached naphthylalanine was removed ac- 
cording to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 
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Step V 

Fmoc-Lys(Boc)-OH (218.0 mg, 468.54 g/mol, 0.46 mmol, 3 eq) was 
coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II of example 18. 

5 Step VI 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III. 

Step VII 

Fmoc protection of the attached lysine was removed according to 
10 procedure described in step I but without any washes prior treatment with 
piperidine/DMF. 

StepVIII 

1 -Naphthalenesulfonyl chloride (107.9 mg, 226.68 g/mol, 0.48 mmol, 
3 eq) was introduced according to the procedure described in step VIII of ex- 
15 ample 18. 

Step IX 

Resin bound product was cleaved and Boc protection removed by 
treating the resin with 20 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. The product was purified with RP- 
20 HPLC to give 10.5 mg of 6-amino-A/-((S)-1-carbamoyl-2-(1-naphthyl)ethyl)-(S)- 
2-(/V'-(1-naphthalenesulfonyl)amino)hexanamide as white solid; overall yield 
25%. 

MS-ESI + (m/z): 533 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.71 (d, 1H), 8.17 (m, 1H), 
25 8.09 (d, 1H), 8.00-7.95 (m, 2H), 7.85 (m 1H), 7.75-7.69 (m, 2H), 7.62-7.59 (m, 
1H), 7.55-7.47 (m, 3H), 7.36-7.33 (m, 1H), 7.30-7.28 (m, 1H), 4.49 (m, 1H), 
3.56 (m, 1H), 3.41 (m, 1H), 3.01 (m, 1H), 2.56-2.52 (m, 2H), 1.39-1.21 (m, 4H), 
1.04 (m, 1H), 0.87 (m, 1H). 

Example 23 

30 Synthesis of 6-amino-/V-((S)-1-carbamoyl-2-(1H-indol-3-yl)ethylHS)-2-(/V- 
(1-naphthalenesulfonyl)amino)hexanamide 

Step I 

Rink amide resin (201.0 mg, 0.7 mmol/g, 0.14 mmol) was washed 
twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
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piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

Step II 

5 Fmoc-Trp(Boc)-OH (147.2 mg, 526.6 g/mol, 0.28 mmol, 2 eq) was 

coupled to the resin using the same procedure and coupling agent as de- 
scribed in step II of example 18. 

Step III 

Possibly unreacted amino groups were acetylated using the proce- 
10 dure described in step III in example 18. 

Step IV 

Fmoc protection of the attached tryptophan was removed according 
to procedure described in step I but without any washes prior treatment with 
piperidine/DMF. 

15 StepV 

Fmoc-Lys(Boc)-OH (199.7 mg, 468.54 g/mol, 0.43 mmol, 3 eq) was 
coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II of example 18. 

Step VI 

20 Possibly unreacted amino groups were acetylated using the proce- 

dure described in step III. 

Step VII 

Fmoc protection of the attached lysine was removed according to 
procedure described in step I but without any washes prior treatment with 
25 piperidine/DMF. 

StepVIII 

1 -Naphthalenesulfonyl chloride (97.9 mg, 226.68 g/mol, 0.43 mmol, 
3 eq, Acros) was introduced according to the procedure described in step VIII 
of example 18. 

30 Step IX 

Resin bound product was cleaved and Boc protection removed by 
treating the resin with 20 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. The product was purified with RP- 
HPLC to give 7.3 mg of 6-amino-A/-((S)-1-carbamoyl-2-(1H-indol-3-yl)ethyl)- 
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(S)-2-(A/'-(1-naphthalenesulfonyl)amino)hexanamide as white solid; overall 
yield 10%. 

MS-ESI + (m/z): 522 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.68 (d, 1H), 8.14 (m, 1H), 
5 8.06 (m, 1 H), 7.96 (m, 1 H), 7.69-7.59 (m, 2H), 7.52-7.34 (m, 3H), 7.12-7.00 (m, 
3H), 4.36 (m, 1H), 3.60 (m, 1H), 3.12 (m, 1H), 2.86 (m, 1H), 2.55-2.51 (m, 2H), 
1 .49-1 .23 (m, 4H), 1 .1 1 -0.90 (m, 2H). 

Example 24 

Synthesis of 6-amino-(S)-2-(/S^(4-butoxy-1-benzenesulfonyl)amino)-Ar- 
10 ((S)-1-carbamoyl-2-phenylethyl)hexanamide 

Step I 

Rink amide resin (195.3 mg, 0.7 mmol/g, 0.14 mmol) was washed 
twice with DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol-% 
piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
15 washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

Step II 

Fmoc-Phe-OH (105.3 mg, 387.4 g/mol, 0.27 mmol, 2 eq) was cou- 
pled to the resin using the same procedure and coupling agent as described in 
20 step II of example 18. 

Step III 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III of example 18. 

Step IV 

25 Fmoc protection of the attached phenylalanine was removed ac- 

cording to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 

Step V 

Fmoc-Lys(Boc)-OH (196.1 mg, 468.54 g/mol, 0.42 mmol, 3 eq) was 
30 coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II of example 18. 
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Step VI 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III. 

Step VII 

5 Fmoc protection of the attached lysine was removed according to 

procedure described in step I but without any washes prior treatment with 
piperidine/DMF. 

Step VIII 

4-(n-Butoxy)benzenesulfonyl chloride (106.6 mg, 248.73 g/mol, 
10 0.43 mmol, 3 eq) was introduced according to the procedure described in step 
VIII of example 18. 

Step IX 

Resin bound product was cleaved and Boc protection removed by 
treating the resin with 20 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
15 red solution was collected and evaporated. The product was purified with RP- 
HPLC to give 18.3 mg of 6-amino-(S)-2-(/V-(4-butoxy-1-benzenesulfonyl)- 
amino)-A/'-((S)-1-carbamoyl-2-phenylethyl)hexanamide as white solid, overall 
yield 35%. 

MS-ESI + (m/z): 505 

20 1 H NMR (500 MHz, CD 3 OD; 8, ppm): 7.71 (m, 2H), 7.29-7.19 (m, 

5H), 6.98 (m, 2H), 4.41 (m, 1H), 4.00 (m, 2H), 3.62 (m, 1H), 3.05 (m, 1H), 
2.82-2.73 (m, 3H), 1.77-1.71 (m, 2H), 1.57-1.43 (m, 6H), 1.31-1.09 (m, 2H), 
0.98-0.95 (m 3H). 

Example 25 

25 Synthesis of A^((S)-1-carbamoyl-2,2-diphenylethyl)-5-guanidino-(S)-2-(/V- 
(4-methyl-1-naphthalenesulfonyl)amino)pentanamide (Compound 6) 

Step I 

Rink amide resin (1 .5 g, 0.7 mmol/g, 1 .02 mmol) was washed twice 
with DMF prior use. Washed resin was dissolved in 21 ml of 20 vol-% 
30 piperidine in DMF and mixture was agitated for 50 minutes. Resin was then 
washed thrice with DMF, thrice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 
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Step II 

Fmoc-L-3,3-diphenylalanine (1.41 g, 463.53 g/mol, 3.05 mmol, 3 eq, 
PepTech) and DIC (477.3 jj.I, 126.20 g/mol, 0.806 g/cm 3 , 3.05 mmol, 3 eq) 
were dissolved in dry DMF (21 ml) and after 10 minutes mixed with the resin. 
5 After 22 hours agitation, solvent was filtered out and fresh solution with similar 
amounts of Fmoc-L-3,3-diphenylalanine and DIC in dry DMF was introduced. 
After additional 5 hours, solvent was again filtered out and resin washed thrice 
with DMF, thrice with MeOH, thrice with DCM and thrice with THF. 

Step III 

10 Possibly unreacted amino groups of the resin were acetylated with a 

solution consisting of acetic anhydride (700 yd, 102.09 g/mol, 1.087 g/cm 3 , 7.5 
mmol) and DIPEA (119 129.25 g/mol, 0.755 g/cm 3 , 0.7 mmol) in dry DMF 
(16.1 ml) for 45 minutes. Resin was then filtered and washed thrice with DMF, 
thrice with MeOH, twice with DCM and twice with THF. 

15 Step IV 

Fmoc protection of the attached 3,3-diphenylalanine was removed 
according to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 

Step V 

20 Fmoc-Arg(Pmc)-OH (1.34 g, 662.8 g/mol, 2.03 mmol, 2 eq) was 

coupled to resin bound compound using the same coupling agent and proce- 
dure as described in step II. 

Step VI 

Possibly unreacted amino groups of 3,3-diphenylalanine were ac- 
25 etylated using the procedure described in step III. 

Step VII 

Fmoc protection of the arginine attached in step V was removed ac- 
cording to procedure described in step I but again without any washes prior 
treatment with piperidine/DMF. 

30 Step VIII 

4-Methyl-1-naphthalenesulfonyl chloride (733.7 mg, 240.71 g/mol, 
3.0 mmol, 3 eq, Maybridge) was dissolved in dry THF (21 ml) and mixed with 
the resin. TEA (422.5 pi, 101 .19 g/mol, 0.73 g/cm 3 , 3.0 mmol, 3 eq, Baker) was 
then added to the mixture. After overnight agitation, solvent was filtered and 
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resin washed thrice with THF, thrice with MeOH, thrice with DMF, once with 
MeOH and finally thrice with DCM. 

Step IX 

Resin bound product was cleaved and Pmc protection removed by 
5 treating the resin with 50 vol-% TFA in DCM (21 ml) for 1 hour. Resulting red 
solution was collected and evaporated. Product was purified with RP-HPLC to 
give 108.4 mg of A/-((S)-1-carbamoyl-2,2-diphenylethyl)-5-guanidino-(S)-2-(A/'- 
(4-methyl-1-naphthalenesulfonyl)amino)pentanamide as white solid, overall 
yield 16.4%. 
10 MS-ESI + (m/z): 601 

1 H NMR (500 MHz, CD 3 OD; 5, ppm): 8.71 (m, 1H), 8.17 (m, 1H), 
7.94 (m, 1H), 7.69-7.65 (m, 2H), 7.35 (m, 1H), 7.27-7.19 (m, 9H), 7.17-7.13 (m, 
2H), 5.11 (m, 1H), 4.38 (d, 1H), 3.46 (m, 1H), 2.77 (s, 3H), 2.76-2.65 (m, 2H), 
1.44-1.02 (m, 4H). 

15 Example 26 

Synthesis of 4-amino-A/-((S)-1 -carbamoyl-2-phenylethyl)-(S)-2-( AT-methyl- 
AT-(4-methyl-1-naphthalenesulfonyl)amino)butanamide 

Step I 

Rink amide resin (223.6 mg, 0.7 mmol/g, 0.16 mmol) was washed 
20 twice with dry DMF prior use. Washed resin was dissolved in 2.5 ml of 20 vol- 
% piperidine in DMF and mixture was agitated for 30 minutes. Resin was then 
washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step II. 

Step II 

25 Fmoc-Phe-OH (184 mg, 387.44 g/mol, 0.47 mmol, 3 eq) and DIC 

(74 126.20 g/mol, 0.806 g/cm 3 , 0.47 mmol, 3 eq) were dissolved in dry DMF 
and after 5 minutes mixed with the resin. After 6 hours agitation, solvent was 
filtered out and fresh solution with same amounts of Fmoc-Phe-OH and DIC in 
dry DMF was introduced. After additional 6 hours solvent was again filtered out 

30 and resin washed twice with DMF, twice with MeOH, once with DCM and once 
with THF. 

Step III 

Possibly unreacted amino groups were acetylated by treating the 
resin with acetic anhydride (100 jil, 102.09 g/mol, 1.087 g/cm 3 , 1.06 mmol), 
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DIPEA (17 129.25 g/mol, 0.755 g/cm 3 , 0.1 mmol) and dry DMF (2.1 ml) for 
30 minutes. Resin was then filtered and washed twice with DMF, twice with 
MeOH, once with DCM and once with THF. 

Step IV 

5 Fmoc protection of the phenylalanine was removed according to 

procedure described in step I but without any washes prior treatment with 
piperidine/DMF. 

Step V 

Fmoc-Dbu(Boc)-OH (21 1 .3 mg, 440.5 g/mol, 0.47 mmol, 3 eq) was 
10 coupled to resin bound compound using same coupling agents and procedure 
as described in step II. 

Step VI 

Possibly unreacted amino groups were acetylated using the proce- 
dure described in step III. 

15 Step VII 

Fmoc protection of the amino acid attached in step V was removed 
according to procedure described in step I but without any washes prior treat- 
ment with piperidine/DMF. 

Step VIII 

20 4-Methyl-1-naphthalenesulfonyl chloride (115 mg, 240.71 g/mol, 

0.47 mmol, 3 eq, Maybridge) was dissolved in dry THF (2.5 ml), mixed with the 
resin and TEA (65 ^l, 101.19 g/mol, 0.73 g/cm 3 , 0.47 mmol, 3 eq, Baker) was 
added to the mixture. After overnight agitation, solvent was filtered and resin 
washed thrice with THF, twice with MeOH, twice with DMF, once with MeOH 

25 and finally thrice with DCM. 

Step IX 

Resin (0.16 mmol) was swollen with dry DMF (2.5 ml) and DBU 
(240 |il, 152.24 g/mol, 1.018 g/cm 3 , 1.6 mmol, 10 eq, Acros) was added to the 
mixture. Methyl iodide (1.6 mmol, 141.94 g/mol, 2.28 g/cm 3 , 1.6 mmol, 10 eq, 
30 Acros) was then added dropwise to the mixture. After overnight agitation sol- 
vent was filtered and resin washed twice with DMF, twice with MeOH, twice 
with DCM and twice with THF. 
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StepX 

Resin bound product was cleaved and Boc protection removed by 
treating the resin with 25 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. Residue was purified with RP- 
5 HPLC to give 1 0.2 mg of 4-amino-/V-((S)-1 -carbamoyl-2-phenylethyl)-(S)-2-(A/'- 
methyl-A/'-(4-methyl-1-naphthalenesulfonyl)amino)butanamide as white solid, 
overall yield 13%. 

MS-ESI + (m/z): 483 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.64 (m, 1H), 8.28 (m, 1H), 
10 8.16 (d, 1H), 7.75 (m, 2H), 7.52 (d, 1H), 7.05 (m, 1H), 6.98 (t, 2H), 6.69 (d, 
2H), 4.78 (m, 1H, shielded), 4.42 (m, 1H), 3.00 (m, 1H), 2.82 (s, 3H), 2.79 (t, 
2H), 2.34 (m, 1H), 2.23 (s, 3H), 2.12 (m, 1H), 1.75 (m, 1H). 

Example 27 

Synthesis of 4-amino-M-((S)-1 -hydroxymethyl-2-phenylethyl)-(S)-2-( AT-4- 
1 5 methyl-1 -naphthalenesulf onylamino)butanamide 

Step I 

Trityl resin (129.0 mg, 1.5 mmol/g, 0.19 mmol) was washed twice 
with dry DMF prior use. Fmoc-phenylalaninol (220.8 mg, 373.45 g/mol, 0.58 
mmol, 3 eq, Advanced ChemTech) and DIPEA (106 pi, 129.25 g/mol, 0.755 
20 g/cm 3 , 0.58 mmol, 3 eq) were dissolved in dry DMF and after 5 minutes mixed 
with the resin. After 4 hours, solvent was filtered out and fresh solution with 
same amounts of Fmoc-phenylalaninol and DIPEA in dry DMF was introduced. 
After overnight agitation solvent was again filtered out and resin washed twice 
with DMF, twice with MeOH, once with DCM and once with THF. 

25 Step II 

Possibly unreacted chloro groups were capped by treating the resin 
with methanol (300 yA, 32.04 g/mol, 0.79 g/cm 3 , 7.4 mmol) and DIPEA (100 jxl, 
129.25 g/mol, 0.755 g/cm 3 , 0.1 mmol) in dry DCM (1.7 ml) for 30 minutes. 
Resin was then filtered and washed twice with DCM, twice with MeOH, once 
30 with DMF and once with THF. 

Step III 

Dissolving the resin in 2.5 ml of 20 vol-% piperidine in DMF and agi- 
tating the mixture for 30 minutes removed the Fmoc protection. Resin was then 
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washed thrice with DMF, twice with MeOH, twice with DCM and finally twice 
with THF. Resin was used immediately for step IV. 

Step IV 

Fmoc-Dbu(Boc)-OH (254.7 mg, 440.48 g/mol, 0.57 mmol, 3 eq) was 
5 coupled to resin bound compound using same coupling agent and procedure 
as described in step II of example 26. 

Step V 

Possibly unreacted amino groups were acetylated by treating the 
resin with acetic anhydride (100 nl, 102.09 g/mol, 1.087 g/cm 3 , 1.06 mmol) and 
10 DIPEA (17 nl, 129.25 g/mol, 0.755 g/cm 3 , 0.1 mmol) in dry DMF (2.1 ml) for 30 
minutes. Resin was then filtered and washed twice with DMF, twice with 
MeOH, once with DCM and once with THF. 

Step VI 

Fmoc protection of the amino acid attached in step IV was removed 
15 according to procedure described in step III. 

Step VII 

4-Methyl-1-naphthalenesulfonyl chloride (115.4 mg, 240.71 g/mol, 
0.47 mmol, 3 eq, Maybridge) dissolved in dry THF (2.5 ml) was mixed with the 
resin and TEA (65 jil, 101.19 g/mol, 0.73 g/cm 3 , 0.47 mmol, 3 eq, Baker) was 
20 added to the mixture. After overnight agitation, solvent was filtered and resin 
washed thrice with THF, twice with MeOH, twice with DMF, once with MeOH 
and finally thrice with DCM. 

Step VIII 

Resin bound product was cleaved and Boc protection removed by 
25 treating the resin with 5 vol-% TFA in DCM (2.5 ml) for 45 minutes. Resulting 
red solution was collected and evaporated. 14 mg of 4-amino-A^-((S)-1- 
hydroxymethyl-2-phenylethyl)-(S)-2-(A/'-4-methyl-1-naphthalenesulfonylamino)- 
butanamide as a yellow oil was obtained. The product was further purified with 
RP-HPLC to give 2.3 mg of 4-amino-A^((S)-1-hydroxymethyl-2-phenylethyl)- 
30 (S)-2-(/V'-4-methyl-1-naphthalenesulfonylamino)butanamide as white solid, 
overall yield 3%. 

MS-ESI + (m/z): 456 

1 H NMR (500 MHz, CD 3 OD; 8, ppm): 8.70 (d, 1H), 8.13 (d, 1H), 8.11 
(d, 1H), 7.73-7.63 (m, 2H), 7.42 (d, 1H), 7.20-7.10 (m, 3H), 6.95 (d, 2H), 3.83 
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(m, 1H), 3.63 (m, 1H), 3.16 (m, 1H), 3.05 (m, 1H), 2.94-2.81 (m, 2H), 2.70 (s, 
3H), 2.29 (m, 1H), 2.00-1.89 (m, 2H), 1.81 (m, 1H). 

Example 28 

Additional compounds (including but not restricted to those de- 
5 scribed below) were prepared according to methods described in examples 
1-27 but using the corresponding starting materials. 



Name MS-ESI+ (m/z) Example 

5-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/'- ~~ — - 

(4-methyl-1 -naphthalenesulfonyl)amino)pentanamide 4g3 1 8 

(Compound 7) 

4-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/'- 

(4-ethyl-1 -naphthalenesulfonyl)amino)butanamide 4g3 1 g 

(Compound 8) 

4-amino-A/-((S)-1-carbamoyl-2,2-diphenylethyl)-(S)-2- 

(A/'-(4-methyl-1-naphthalenesulfonyl)amino)butanamide 545 18 

(Compound 9) 

4-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/'- 

(1 -naphthalenesulfonyl)amino)butanamide 455 1 8 

(Compound 10) 

A/-benzyl-4-A/'-cyclohexylamino-(S)-2-(A/"-(4-methyl-1- 

naphthalenesulfonyl)amino)butanamide 494 1, 14 

(Compound 11) 

(S)-2-A/-(4-butoxybenzenesulfonyl)amino-A/'-((^-1- 

carbamoyl-2-phenylethyl)-5-guanidinopentanamide 533 1 7 

(Compound 12) 

4-amino-A/-((S)-1-carbamoyl-2-methylpropyl)-(^-2-(A/'- 

(4-methyl-1 -naphthalenesulfonyl)amino)butanamide 421 18 

(Compound 13) 

4-amino-(S)-2-A/-(4-bromo-2-ethylbenzenesulfonyl)- 

amino-A/'-((S)-1-carbamoyl-2-phenylethyl)butanamide 51 1 , 513 18 
(Compound 14) 

AM -carbamoyl-2-phenylethyl-(S)-2-A/'-(4-chloro-3- 
nitrobenzenesulfonyl)amino-5-guanidinopentanamide 

A/-(1 -carbamoyl-2-phenylethyl)-5-guanidino-(S)-2-( AT- 587 1 7 
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539 17 



537 17 



(2,4,6-triisopropylbenzenesulfonyl)amino)pentanamide 
/V-((S)-1-carbamoyl-2-phenylethyl)-5-guanidino-(S)-2- 

(A/'-(2-naphthalenesulfonyl)amino)pentanamide , 51 1 17 

(Compound 15) 

A/-((S)-1-carbamoyl-2-phenylethyl)-5-guanidino-(S)-2- 

(A/'-(3-phenylbenzenesulfonyl)amino)pentanamide 537 17 

(Compound 16) 

5-A/-isopropylamino-(S)-2-A/'-(4-methyl-1-naphthalene- 

sulfonyl)amino-A/"-(1 ,2,3,4-tetrahydro-1-naphthyl)- 508 1,14 

pentanamide (Compound 17) 
A/-((S)-1-carbamoyl-2-phenylethyl)-6-guanidino-(S)-3- 
(A/'-(4-methyl-1-naphthalenesulfonyl)amino)hexanamide 

4- amino-(S)-2-A/-(4-methyl-1-naphthalenesulfonyl)- 
amino- A/'-(1 ,2,3,4-tetrahydro-1 -naphthyl)butanamide 452 
(Compound 18) 

A/-((S)-1-carbamoyl-2-phenylethyl)-5-guanidino-(S)-2- 
(A/'-(4-phenylbenzenesulfonyl)amino)pentanamide 

5- amino-A/-(2-(2-carbamoyl)indanyl)-(S)-2-(A/'-(4- 

methyl-1 -naphthalenesulfonyl)amino)pentanamide 495 1 8 

(Compound 19) 

5-amino-A/-(2-(1 H-indol-3-yl)ethyl)-(S)-2-(A/'-(4-methyl-1 - 
naphthalenesulfonyl)amino)pentanamide (Compound 20) 
5-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/'- 
(2-phenylbenzenesulfonyl)amino)pentanamide 
5-amino-A/-((S)-1-carbamoyl-2-(3-chlorophenyl)ethyl)- 

(S)-2-( AT-(4-methyl- 1 -naphthalenesulfonyl)amino)- 517 18 

pentanamide (Compound 21) 

5-amino-A^(2-(2-carbamoyl)-1,2,3,4-tetrahydronaphthyl)- 

(S)-2-( A/'-(4-methyI-1 -naphthalenesulfonyl)amino)- 509 1 8 

pentanamide (Compound 22) 
A/-(2-(3-chlorophenyl)ethyl)-4-A/'-methylamino-(S)-2- 

(A/"-(4-methyl-1-naphthalenesulfonyl)amino)- 474 1, 14 

butanamide (Compound 23) 

AA((S)-1-carbamoyl-2-phenylethyl)-5-guanidino-(S)-2- 
(A/'-(8-quinolinesutfonyl)amino)pentanamide 



479 1 
495 18 



512 17 
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503 17 

454 1,14 

425 18 

475 18 



503 18 
587 17 
484 18 



(S)-2-A^(4-acetylbenzenesulfonyl)amino-A/'-((S)-1- 
carbamoyl-2-phenylethyl)-5-guanidinopentanamide 
A/-benzyl-5-/^A/^ 

1-naphthalenesulfonyl)amino)pentanamide 
5-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/'- 
(3-thiophenesulfonyl)amino)pentanamide 
5-amino-(S)-2-A^(3-benzo[b]thiophenesulfonyl)amino- 
A/'-(( S)- 1 -carbarn oyl-2-phenylethyl) pentanam ide 
5-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-(S)-2-(A/'- 

(5-(1 ,3-oxazol-5-yl)-2-thiophenenesuIfonyl)amino)- 492 1 8 

pentanamide 

5-amino-A^((S)-1-carbamoyl-2-phenyIethyl)-(S)-2-(A/'- 
(5-chloro-1-naphthalenesulfonyl)amino)pentanamide 
A/-((S)-1-carbamoyl-2-(4-biphenyl)ethyl)-5-guanidino- 
(S)-2-(A/'-(1-naphthalenesulfonyl)amino)pentanamide 
5-amino- A/-((S)- 1 -carbamoyl-2-(3-pyridinyl)ethyl)-(S)-2- 
(A/'-(4-methyl-1-naphthalenesuIfonyl)amino)pentanamide 
5-amino-A/-((S)-1-carbamoyl-2-phenylethyl)-A/-methyl- 

(S)-2-( A/'-(4-methyl-1 -naphthalenesulfonyl)amino)- 497 1 8 

pentanamide 

5-amino- A^(2-benzyloxy-(S)-1-carbamoylethyl)-(S)-2- 
(A/'-(4-methyl-1-naphthalenesulfonyl)amino)pentamide 
4-amino-(S)-2-N-(4-methyl-1-naphthalenesulfonyl)- 
amino-A/'-1 -naphthylbutanamide 
4-amino-/\^cyclohexyl-(S)-2-(/V' -(4-methyl-1 -naphthalene- 
sulfonyl)amino)butanamide 

4- amino-(S)-2-(A^(4-methyl-1-naphthalenesulfonyl)- 
amino)butanamide 

5- amino-(S)-2-A/-(4-methyl-1-naphthalenesulfonyl)- 
amino-A/'-CI^.S^-tetrahydro-l-naphthylJpentanamide 
5-A/-methylamino-(S)-2-A/'-(4-methyl-1-naphthalene- 

sulfonyl)amino-A/"-(1,2,3,4-tetrahydro-1-naphthyl)- 480 1, 14 

pentanamide 



513 18 

448 1 

404 1 

322 18 

466 1 
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Example 29 

Binding affinity at the human somatostatin receptor subtypes 

The affinity of the compounds of the invention for the five human 
somatostatin receptor subtypes (SSTR1, SSTR2, SSTR3, SSTR4, and 

5 SSTR5) was determined in competition binding assays with ( 125 l-Tyr)- 
[Leu 8 ,DTrp 22 ]-somatostatin-28 ( 125 l-LTT-sst-28). The biological material for 
these experiments consisted of membranes from Chinese hamster ovary 
(CHO) cells stably transfected with one of the five human somatostatin recep- 
tor subtypes. Membranes (3-20 |jg of total protein per sample) and trace 

10 amount of 125 l-LTT-sst-28 were incubated in 10 mM Hepes, 1 mM EDTA, 5 mM 
MgCI 2 , 5 mg/ml of BSA and 30 [ig/m\ bacitracin, pH 7.6 with six concentrations 
of the compounds. Each concentration was run in duplicate. Nonspecific bind- 
ing was defined by 1 pM somatostatin-14 (sst-14) and corresponded to 5-25% 
of total binding. After 60 min at room temperature, incubations were terminated 

15 by rapid vacuum filtration through GF/B glass fiber filter mats (presoaked at 
4°C in 200 ml of 10 mM Hepes, 1 mM EDTA, 5 mM MgCI 2 , pH 7.6) and three 5 
ml washes with ice-cold wash buffer (20 mM TRIS, 1 mM EDTA, 5 mM MgCI 2 , 
pH 7.4). The filters were then dried, impregnated with scintillate and their ra- 
dioactivity was measured by scintillation counting. The analysis of the experi- 

20 ments was carried out by nonlinear least square curve fitting. Affinity constants 
(Kj) were calculated from the IC 5 o values according to the Cheng-Prusoffs 
equation (Cheng and Prusoff, 1973). Experiments were repeated a minimum of 
three times. 

Using the aforementioned protocol, the following test results were 

25 obtained. 



MSSTR1) K|(SSTR2) MSSTR3) K (SSTR4) Kj (SSTR5) 

Compound 

/nM /nM /nM £nM /nM 

Compound 17 1.0 ±0.4 > 10 000 > 2 000 84 ±23 > 10 000 

Compound 2 500 ± 1 50 > 5 000 1 400 ± 1 00 1 .2 ± 0.4 540 ± 80 



Besides these, a large set of compounds had Kj less than 300 nM 
for SSTR1 . Among this set were for example: 
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Compound 3 
Compound 5 
Compound 6 
Compound 7 
Compound 1 1 
Compound 12 
Compound 15 
Compound 18 
Compound 21 
Compound 22 
Compound 23 

Furthermore, another subset of the compounds of the invention had 
Kj less than 300 nM for SSTR4. Among this set were for example: 
Compound 1 
Compound 3 
Compound 4 
Compound 5 
Compound 6 
Compound 7 
Compound 8 
Compound 9 
Compound 10 
Compound 13 
Compound 14 
Compound 16 
Compound 19 
Compound 20 
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